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[From the Annuaire pour Tan 1901 public par le Bureau des Longitudes, Paris.] 

HISTORICAL SKETCH OF THE FOUNDATION OF 

THE METRIC SYSTEM. 

« 

By M. BASSOT.  

On December 10, 1799, the law was promulgated which estab- 
lished the legal status of the meter and kilogram as bases of the 
new system of weights and measures and which was rendered 
obligatory in France. 

The system has now been in operation a century in our country. 
Since its establishment it has been adopted successively by the 
greater part of the civilized countries. We can affirm to-day that 
in the near future it will be used universally throughout the entire 
world. Its success is due to the fact that the fundamental 
units are taken from nature. Nothing in their definition recalls 
the country which has instituted it. 

France could, by good right, celebrate the centennial of its 
foundation. The Bureau of Longitudes has had in mind such a 
commemoration, and to accomplish this in part, it has decided that 
an historical notice of the institution of the metric system should 
appear in The Annuaire of 1900 as a new homage rendered to the 
illustrious scientific men who cooperated in its establishment. 



* Translated by Miss F. E. Harpham, Chief Computer in the Astronomical De- 
partment of Columbia University. 
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I. The Ideas of the Reformation of the System of Weights 

AND Measures before the Revolution. 

The idea of establishing a universal system of weights and 
measures derived from a single standard, invariable and taken itself 
from nature, does not seem to go back of the beginning of the 
seventeenth century. In truth, certain writers, as Paucton and 
Bailly tried to establish a relation between the itinerary meas- 
ures of old and the length of a terrestrial arc measured by 
their astronomers ; but the uncertainty of the true value of the 
early measures prevented any serious foundation for a reasoning 
which depends on an arbitrary estimation of these values made 
precisely in view of conforming to a preconceived system. 

We cannot fail, on the other hand, to consider as an advance 
toward the idea of a universal system, the tentative, though other- 
wise unfruitful efforts made by Charlemagne and others of his suc- 
cessors to establish in their States a uniform system of weights and 
measures. Moreover, these attempts were doomed in advance to 
failure on account of the social state which permitted each lord an 
almost independent administration over his own land ; the popu- 
lar mind could not easily understand the need for reform of which 
the only apparent object was to substitute for arbitrary measures 
but known to those interested, other measures not less arbitrary 
and moreover little known and insufficiently defined. 

In order that a reform which touched such serious scientific and 
economical interests could succeed, it was necessary that the pro- 
posed system should be derived only from an invariable standard 
susceptible of measurement with extreme precision and easily found 
in all times and places, consequently taken from nature itself. It 
was necessary that the choice of a standard should not wound the 
amour propre of any nation and should therefore be independent 
of the positions of the different countries of the globe. 

The first idea of such a system seems to have been conceived 
almost simultaneously by Huygens, Picard and Mouton an astron- 
omer of Lyons. The last named proposed to take for a unit the 
length of a geometric foot (inrgula geometricd) equal to .^^^^^^^ 
part of a terrestrial degree, and to preserve the length perpetually, 
he remarked that a pendulum of this length made 3,959^ vibrations 
in one-half hour. 
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Huygens and Picard proposed as a unit the length of a pendu- 
lum beating seconds. 

" The length of a pendulum beating seconds of mean time," said 
Picard, " would be called the astronomical radius of which the one- 
third would be the universal foot. The double of the astronomical 
radius would be the universal toise (fathom), which would be at 
Paris as 88 1 is to 864. 

" If we should find by experience that the pendulums were of 
different lengths in different places, the supposition we had made 
touching a universal measure depending on the pendulum would 
not stand, but it would not alter the fact that in each place the 
measure would be perpetual and invariable." 

In 1 7 18 Cassini suggested taking thjVt^ P^*"^ ^^ ^ minute of one 
degree of longitude or TTnrTjVTnrTT P^^^ ^^ ^^ terrestrial radius. 
Later, another scientist, DuFay, proposed again the length of a 
seconds-pendulum and even obtained from the minister a plan of 
regulation, but his death and that of the comptroller-general Ory 
put an end to this. 

LaCondamine continued the work of DuFay and published on 
the subject in the Memoires de V Academic des Sciences for 1747. p 
489, a very interesting memoir. 

** I propose," he said, *' to take as the unit the length of the 
seconds-pendulum at the equator, which is 36 inches 7tVV ^^^^^ ^^ 
Paris, employing the toise of Peru. Messieurs Godin, Bouguer 
and myself agree to almost y^^ of a line over the absolute length 
of the pendulum at Quito." 

He considered this measure as more natural and independent of 
the different claims of each country. 

" It will not be less necessary," he adds, *' to consider whether 
we should not, on the one hand, keep the division of the toise in 
six feet, on the other, to reject the division of the foot into twelve 
inches and the inch into twelve lines and substitute the decimal 
division of which the advantages are well known. Finally it will 
be necessary to find the most simple experiments to reduce to a 
round number of the new measures the acre, the bushel, the hogs- 
head and all linear measures, square or cubic. This reduction 
would also lead to the reformation of the weights which are only 
of solid measure, until now very defective, and the determination 
of a linear measure might render these equally invariable, or at 
least stable in all times and places." 
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We find in this exposition all the essential elements of the ques- 
tion, but although this exposition is complete and precise, it does 
not yet seem ready before the Revo'ution to leave the domain of 
pure science. Necker, in his celebrated memoir rendered to the 
kinpf in 1781, alludes to this reform very timidly. 

** I have occupied myself/' he said, '* in examining the means 
which might be employed to render the weights and measures uni- 
form throughout the kingdom, but I doubt yet whether the unity 
which would result would be proportionate to the difficulties of all 
kinds which this operation would entail on account of the chang- 
ing of values which would necessarily be made in a multitude of 
contracts, of yearly payments, of feudal rights and other acts of all 
kinds. I have not yet renounced the project and I have seen with 
satisfaction that the Assembly of HauterGuyenne have taken it 
into consideration. 

'* It is, in effect, a kind of amelioration which can be undertaken 
partially and the example of a happy success in one province 
would essentially influence opinion.'* 

II. The Institution of the Metric System, i 790-1 799 

It is permitted to suppose from what precedes that the reform 
would have been slow in coming into effect if the excitement of 
ideas which characterized the French Revolution had not broken 
abruptly the force of tradition and favored new and bold ideas. In 
the Assembly of the States a certain number of memorials called 
the attention of the public power to the necessity of reform of 
weights and measures. Various works appeared on the question ; 
the Academy of Sciences continued to study the question actively. 
Messieurs Duvernoy, an officer of the royal corps of engineers. 
Collignon, a lawyer of Parliament and de Villeneuve, presented to 
the Committee of Agriculture and Commerce interesting memoirs 
on this subject. 

However, Talleyrand was the first political man who knew how 
to bring the problem clearly before public authority. In his 
proposition made to the National Assembly in April, 1790, they 
rejected the method of adopting as the element ^-g^^^^ part of the 
length of a degree of a meridian cut into two equal parts by the 
parallel of forty-five degrees. He objected that the measure of 
the standard made by Lacaille which gives 57,030 toises is sus- 
ceptible, of an error of thirty four toises. He proposed as the 
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fundamental unit the length of a seconds- pendulum at 45^ to 
which they should give the name of ell, and as the unit of weight, 

 

distilled water at 14.4^ which would be contained in a cubic vessel 
of which the height should be one-twelfth the length of the 
pendulum. He asked the Government to invite the English to 
participate in the measures and that, in consequence, the measures 
should be executed together by the Academy of Sciences of 
Paris and the Royal Society of London. 

On May 6th following, the Marquis de Bonnay presented to the 
National Academy a report entirely favoring Talleyrand's propo- 
sition. In the course of this same meeting Bureau de Pusey, while 
approving the conclusion of the report, treated the question of the 
division of a unit of length and pointed out the superiority of the 
decimal division over the old divisions by the great simplification 
which it brought into the calculations. 

At the end of this discussion, the National Assembly on May 8, 
1790, rendered a decree which was sanctioned by the king on 
August 22d, following, and which we must cite entirely because, in 
a way, it is the acle de nausance of the Metric System. 

" The National Assembly, desiring that all France shall forever 
enjoy all the advantages which will result from uniformity in 
weights and measures, and wishing that the relation of the old 
measures to the new should be clearly determined and easily under- 
stood, decreed that His Majesty shall be asked to give orders to 
the administrators of the different departments of the kingdom, to 
the end that they procure and cause to be remitted to each of the 
municipalities comprised in each department and that they send to 
Paris to be remitted to the Secretary of the Academy of Sciences 
a perfectly exact model of the different weights and elementary 
measures which are in usage. 

" It is decreed further that the king shall also beg His Majesty 
of Britain to request the English Parliament to concur with the 
National Assembly in the determination of a natural unit of 
measures and weights ; and in consequence, under the auspices of 
the two nations, the Commissioners of the Academy of Sciences of 
Paris shall unite with an equal number of members chosen by the 
Royal Society of London in a place which shall be respectively 
decided as most convenient, to determine at the latitude of 45° or 
any other latitude which may be preferred, the length of the pen- 
dulum, and to deduce an invariable standard for all the measures and 
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all the weights; and that after this operation is made with all neces- 
sary solemnity, His Majesty will be asked to charge the Academy 
of Sciences to fix with precision for each royal municipality, the re- 
lation of the old weights and measures to the new standard and to 
compose afterward for the use of the municipalities the usual books 
and elementary treatises which will indicate with clearness all these 
propositions. 

** It is decreed further that these elementary books shall be sent 
at the same time to all the municipalities to be distributed ; at the 
same time there shall be sent to each of the municipalities a certain 
number of new weights and measures which they shall distribute 
gratuitously to those who would be caused great expense by this 
change; and finally, six months only after the distribution, the old 
measures shall be abolished and replaced by the new. 

" The National Assembly decrees that the Academy after con- 
sultation with the officers of the Mint, shall offer their opinion as 
to the suitability of fixing invariably the inscription of the coined 
metal to the end that the kinds shall never be altered except in 
their weight, and whether it would not be useful that the difference 
tolerated in the coins under the name of remedy be always be- 
yond requirement, that is to say, that one piece may exceed the 
weight prescribed by law but must never be inferior. 

" Finally, the Academy shall indicate the scale of division which 
it believes most convenient for all weights, measures and coins.'* 

The Academy at once set itself to work, and on October 27. 
1790, the first commission, composed of Borda, Lagrange, Lavoisier, 
Tillet and Condorcet presented their report on the title of coined 
metals and the scale of uniform division, and gave the preference 
to the decimal division over the duodecimal. Laplace in his Sys- 
tcmcdii Monde has explained in a masterly way the reasons which 
determined the commission. 

**The identity of the decimal calculation and that of integral 
numbers,*' he said, *' admits no doubt of the advantages of the divi- 
sion of every kind of measures into decimal parts ; it is sufficient, 
to convince oneself, to compare the difficulties of complex multi- 
plications and divisions with the facility of the same operations 
under integral numbers, a facility which becomes even greater by 
means of logarithms of which, by simple and inexpensive instru- 
ments, the use could be made extremely popular. In truth, our 
arithmetical scale is not divisible by three or four, two divisions 
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whose simplicity render them very common. The addition of two 
new characters is sufficient to procure this advantage but a change 
so important would have been infallibly rejected with the system 
of measures which was attached to it. Moreover, the duodecimal 
scale has the inconvenience of requiring that we retain the prod- 
ucts of twelve numbers which surpasses the ordinary length of the 
memory to which the decimal scale is proportionate. 

" Finally we should lose the advantage which probably gave rise 
to our arithmetic, that which causes the fingers of the hand to be 
used in enumeration. We did not hesitate then to adopt the deci- 
mal division and for the purpose of uniformity in the whole system 
of measures, we decided to derive them all from the same linear 
measure and its decimal divisions. The question is then reduced 
to the choice of this universal measure which has been given the 
name of meter." 

On March 19, 1791, the Commission composed of Borda, 
Lagrange, Laplace, Monge and Condorcet presented to the Acad- 
emy their report upon the choice of the unit of measure. 

The commissioners were of the opinion that the units which 
appear the most proper to serve as a base could be reduced to 
three ; the length of the pendulum, the quadrant of a circle of the 
equator, the quadrant of a circle of a meridian. 

The length of the pendulum has the advantage of being easy 
to determine and consequently to verify. If we gave a preference, 
it would be necessary to take the pendulum which beat seconds 
at latitude 45° because it is the arithmetical mean between unequal 
pendulums which beat seconds at different latitudes. 

But the pendulum includes a heterogeneous element, the time, 
and an arbitrary element, the division of the day into 86,400 
seconds. 

In adopting on the contrary the quadrant of one of the terrestrial 
circles, the unit of length would not depend on either quantity. 

This unit, taken on the earth itself, will have another advantage, 
that of being perfectly analogous to all the real measures which in 
common usage of life we take also on the earth. 

" The choice rests between the quadrant of the equator and that 
of the meridian. The regularity of the equator is not more assured 
than that of the meridian ; the length of a celestial arc correspond, 
ing to a space which would be measured is less susceptible of being 
determined with precision and finally we can say that each nation 
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pertains to a meridian of the earth, but that a part only is placed 
under the equator. 

« The quadrant of a terrestrial meridian would then become the 
real unit of measure and the ^^-^^.^^ part of its length would be 
the ordinary unit. We would set aside the ordinary division of 
the quadrant of the meridian into degrees, minutes and seconds, 
for we could not preserve this old division without detriment to 
the unity of the system of measure, seeing that the decimal divi- 
sion which corresponds to the arithmetical scale would be preferred 
for usual measures, and also that we would have for those of length 
only two systems of division, one of which is adapted to large 
measures and the other to small. A league, for example, could 
not be at the same time simply a division of a degree and a mul- 
tiple of a toise in round numbers. The inconveniences of the 
double system would be continual ; on the contrary, those of the 
change would be transitory, and would affect only a small num- 
ber of people. 

« In adopting these principles we should introduce nothing arbi- 
trary in the measures of the arithmetical scale, the divisions of 
which would necessarily be regular; also there would be nothing 
arbitrary in the weights, except that they would be chosen of a 
homogeneous substance, and easily found to be always of the same 
degree of purity and density to which the weight of all the others 
must correspond." 

The Commission then proposes to measure an arc of a meridian 
from Dunkerk to Barcelona, a distance a little more than 9^ 30', 
6^ north and 3° 30' south of the mean parallel and presenting the 
advantage of having its two extreme points at the level of the sea. 
In addition, it proposes to determine in latitude 45^ at the sea 
level, in a vacuum and at the temperature of melting ice the num- 
ber of oscillations which a simple pendulum equal tothe-j^yg^^^j^^j 
part of a meridian, would make in one day sp that this num- 
ber being once known, we could find again this measure by the 
oscillations of the pendulum. 

The operations necessary to determine the bases of the new 
system would be : 

1° The determination of the difference of latitude between 
Dunkerk and Barcelona. 

2° Measure of the old bases. 

3° Verification of the triangles and prolongation of the chain. 
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4° Observations of the pendulum at 45°. 

50 Verification of the weight in a vacuum, at the temperature 
of melting ice, of a given volume of distilled water. 

6° Reduction of old measures to new. 

The commissioners proposed to the Academy of Sciences to 
appoint a distinct commission for each of these operations. They 
added that they did not think it necessary to attend the conference 
of other nations either for deciding upon the choice of a standard 
unit or for commencing the operations, the choice regarding these 
elements pertaining also to all nations. 

** In a word/' they said, ** if the memory of these works should 
not remain, if the results only should be preserved, they would 
present nothing which would make known the nation which con- 
ceived the idea and which followed out the execution." 

The liberal spirit which guided their work could not be ex- 
pressed in a more just or concise way. \ 

Condorcet, Secretary of the Academy, communicated the re- 
sult of the work of the Commission to the legislative corps and on 
March 26, 1791, the National Assembly, on the proposal of Tal- 
leyrand, rendered the following decree : 

" The National Assembly consider that in order to succeed in 
the establishment of a unit of weights and measures in conformity 
with the decree of May 8, 1790, it is necessary to fix the unit of 
measure natural and invariable, and that the only way to extend 
this uniformity to other nations is to induce them to adopt the 
same system of measures and to choose a unit which in its deter- 
mination will include nothing arbitrary or particular to the situa- 
tion of any nation on the globe, considering, moreover, that the 
unit proposed by the advice of the Academy of Sciences, March 19 
of this year fulfills all the conditions it has decreed |and decrees : 

That it shall adopt the length of one-fourth of a terrestrial meri- 
dian as a base for the new system of measures ; 

That in consequence, the operations necessary to determine this 
base, such as are indicated in the suggestion of the Academy, and 
especially in measuring an arc of the meridian from Dunkerk to 
Barcelona shall be executed ; 

That, in consequence, the Academy of Sciences is charged to ap- 
point commissioners who shall occupy themselves without delay in 
these operations, and shall concert with Spain for those which must 
be made on her territory." 
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The Academy immediately named five Commissions : 

1° Cassini, M^chain and Legendre to determine the difference of 
latitude between the extreme points and to measure tlie triangles ; 

2^ Monge and Meusnier to measure the bases ; 

3° Bijrda and Coulomb for observations of the pendulum ; 

4° Lavoisier and Haiiy for researches on the weight of distilled 
water at o° in a vacuum ; 

5° Tillet, Brisson and Vandermonde to compare the old meas- 
ures with the toise and livre of Paris. 

The remaining Commissions were changed later, and in partic- 
ular Delambre and Mechain were placed in sole charge of the 
geodetic and astronomical operations which were finished eight 
years later. 

Pending the prosecution of these, the Academy studied the no- 
menclature. The commissioners named for this purpose presented 
on July ii, 1792, a report upon the nomenclature of linear and 
surface measures and on January 19, 1793, a report upon the unit 
of weights and the nomenclature of their divisions. Finally, a 
general report summarizing and modifying in some parts the pre- 
ceding reports was presented to the Academy on May 29, 1793, 
by Borda, Lagrange and Monge. 

The report discussed first the decimal division which had been 
adopted for the astronomical circle which Delambre and Mechain 
used and for the astronomical clock employed by these same 
workers. 

Next followed the question of nomenclature : two propositions 
were made concerning this, one of which gave to the subdivisions 
of the measures compound names which indicated the decimal 
relation which existed between them, and the other gave names 
which were simple, monosyllabic and independent each of the 
others. The commissioners of 1792 had adopted the first system ; 
the Commission of 1793. conforming to the desire of the Academy, 
preferred the second, but when the propositions were submitted to 
public authority the Committee of Public Instruction adopted that 
one of the two nomenclatures which contained less names and dif- 
ferent from known measures ; it also made some changes even in 
this very same nomenclature. The deputy Arbogast had charge 
of the report, and upon his proposal the convention rendered on 
August I, 1793, the following decree : 

*'The Convention is convinced that the uniformity of weights 
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and measures is the greatest benefit which can be offered to French 
citizens," etc. 

It decrees as follows : 

Art. I . The new system of weights and measures, based on the 
measure of a terrestrial meridian and the decimal division, will serve 
uniformly throughout the Republic. 

Art. 2. The provisions of a preceding article will be obligatory 
one year only from the day of the publication of the present decree. 

Art. 3. There will be made by artists chosen by the Academy 
of Sciences, models of the new weights and measures which will be 
sent to all the administrators of departments and districts. 

In spite of considerable events which occurred at that time, the 
Convention did not for an instant lose sight of its reformatory work, 
and caused accounts to be rendered to it periodically of the state of 
the work of the Commission of weights and measures. A decree of 
March 31, 1793, recommended to the departments the commis- 
sioners of the Academy for astronomical observations. But the 
public authority, irritated by the slowness of an operation the diffi- 
culties of which were beyond its comprehension, did not hesitate 
to interfere in an injurious manner in the question; on August 8, 
1793, a decree suppressed the Academy of Sciences and another 
decree on September nth replaced it by a temporary commis- 
sion; finally on December 23, 1793, a decree of the Committee of 
Public Safety purged the Commission of weights and measures by 
the removal or six of its members. 

The work continued with no less activity and a great number of 
points of detail were regulated by successive decrees. 

A decree of 17 Vendemiaire (first month), year II. applied the 
metric system to the tonnage of merchantmen ; 

A decree of i Brumaire (second month), year II. passed upon 
the report of de Fourcroy and ordered the manufacture of the 
standard model. Article i reads thus : 

" The Commission of weights and measures will cause to be con- 
structed for the legislative corps standards of weights and meas- 
ures in platinum, to wit : one standard meter, one standard pint 
and one standard grave with its divisions. These standards kept 
under the immediate authority of the legislative corps shall serve 
as prototype models for all the Republic." 

A decree of 4 Frimaire (third month), year II. related to the 
calendar and established the decimal division of the day ; 
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A decree of 17 Frimaire, year II. related to the coinage of 
metals ; 

A decree of 28 Frimaire, year II. modified the division of weights ; 

A decree of 30 Nivose (fourth month), year II. modified the 
nomenclature ; 

A decree of 21 Piuviose (fifth month), year II. called a confer- 
ence to discuss the decimal division of the hours. 

Toward the beginning of year III. the state of advancement of 
the work permitted the settling of all points of detail relative to 
the establishment of the new system. 

On 1 1 Ventose (sixth month), Prieur (de la Cote d'Or) presented 
to the convention a very complete report pointing out the princi- 
pal conditions for making the new system satisfactory and indicat- 
ing the operations of every kind, scientific or administrative, 
necessary to make permanent the different parts and practical. 
The report was accompanied by instructions and a vocabulary; 
the instructions contained a succinct historical r^sum^ of the 
question, referred to the gratitude of the public to the scientific 
men who had taken part in the work, and explained the reasons 
for adopting the nomenclature proposed and its sources where it 
was possible; the vocabulary defined in a precise manner the 
measures adopted and their divisions. 

The meter is thus defined : 

*' Meter : Length of the standard of measure of the Republic 
equal to y^^^VTHTTj ^^ ^ quadrant of a meridian, in length about 
3 ft. 11^1." 

The report, instructions and vocabulary served as a basis for a 
decree which was adopted by the Convention and promulgated on 18 
Germinal (seventh month) year III. It fixed definitely the diflfer- 
ent parts of the metric system which should have no change; it 
is consequently interesting to reproduce the principal provi- 
sions : 

Art. I. The time prescribed by the decree of August i, 1 793, 
(old style) for the usage of the new weights and measures is past 
as to the obligatory provision concerning which the National Con- 
vention passed a new statute by reason of the progress of their 
construction ; the citizens are therefore invited to give a proof of 
their attachment to the unity and indivisibility of the Republic in 
now using the new measures in their calculations and commercial 
transactions. 
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Art. 2. There will be only one standard of weights and measures 
for all the Republic; this will be a rule of platinum upon which 
Avill be traced the meter which has been adopted as the funda- 
mental unit of the system of measures. This standard will be 
constructed with the greatest care according to the experience and 
observations of the commissioners charged with its determination 
and it will be deposited with the legislative corps at the same time 
>vith the process of the operations which served to determine it so 
that it may be verified at all times. 

Art. 3. There will be sent to each principal city of a district a 
model conformed to the prototype standard which has just been 
mentioned and beside a model of weights accurately deduced by 
the system of new measures. 

Art. 4. The extreme precision which will be given a standard of 
platinum, not being able to influence the exactness of measures in 
common use, these measures will continue to be made after the 
meter adopted by the former decrees. 

Art. 5. The new measures will be distinguished in the future 
by the name of measures of the Republic, their nomenclature be- 
ing definitely adopted as follows : 

Meter. — ^The measure of length equal to i^-^j^'^-^'^ part of the arc 
of a terrestrial meridian between the north pole and the equator. 

Gramme. — Absolute weight of a volume of pure water equal to 
a cube of y-J^^ part of a meter at the temperature of melting ice. 

Finally the unit of coined metal shall take the name of franc to 
replace the livre used until to-day. 

Art. 6. (Definitions of the subdivisions and multiples of the unit 
of length.) 

Art. 7. (Definitions of the subdivisions and multiples of the 
units of measure, of capacity, of weight, etc., and of coins.) 

Art. 8. In the weights and measures of capacity, each of the 
decimal measures shall have its double and half. 

Art. 10, The work relative to the determination of units of mea- 
sure of length and of weight deduced from the size of the earth, 
begun by the Academy of Sciences and continued by the temporary 
commission of measures, in consequence of the decrees of May 8, 
1790, and August i, 1791, shall be continued until entirely finished 
by the special commissioners chosen principally among the scien- 
tific men who have concurred in these operations until now, the 
list of which will be selected by the Committee of Public Instruc- 
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tion. By means of these provisions the administration of the com- 
mittee called the Temporary Commission of weights and measures 
will be set aside. 

Art. 12. Theprovisionofthelawofthe4Frimaire, year II., which 
rendered obligatory the use of the decimal division of the day and 
its parts, is indefinitely suspended. 

Art. 15. As soon as the standard prototype of the measures of 
the Republic shall be placed with the legislative corps by the Com- 
mission charged with its construction, it will rear a monument to 
preserve it and guarantee it against the injuries of time. 

Conforming to the provisions of Article 10, the Committee of 
Public Instruction named the following twelve Commissioners : 
Berthollet, Borda, Brisson. Coulomb, Delambre, Haiiy, Lagrange, 
Laplace, M^chain, Monge, Prony, Vandermonde. These Commis- 
sioners met on 21 Flor^al (eighth month) and divided the work 
thus : Delambre and Mcchain to have charge of the geodetic and 
astronomical operations. Borda, Haiiy and Prony of the deter- 
mination of the units of weight. Borda and Brisson of the con- 
struction and verification of the provisional meter. Berthollet, 
Monge and Vandermonde of the construction of the definitive 
meter. The length of the pendulum had already been measured 
by Cassini and Borda in June and July, 1792. 

Borda and Brisson presented on 18 Messidor (tenth month) their 
report upon the verification of the meter. They had taken for 
the bases of their work the old measures of a meridian of France 
made by Lacaille and according to which the meter should be 
equal to o.*5 13243, about 3 ft. 11.44^ The toise in question is 
that known under the name of the toise of the Academy and 
which served for the measure of the bases of the terrestrial arc 
in Peru and for the basis of the meridian in France. The Com- 
missioners decided that the standard should be brass and that, 
supposing the temperature to be lO^C, it should contain 3 ft. 
11.44^ of the iron toise of the Academy, supposing the ther- 
mometer to be I3°R. (the temperature at which the bases of the 
arc of the meridian were measured). They used for compari- 
son a rule of brass constructed by Lenoir, with which they de- 
termined with much precision the small diflTerence between two 
measures almost equal between them. They worked with four 
diflferent meters and adopted as a provisional standard meter num- 
ber II., which was found to have sensibly the required length. 
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There remained the definite determination of the standards of 
length and weight. But it was neceesary that an arc of a meridian 
should first be measured. 

Delambre and M^chain who had set themselves at the work in 
1792 were not able to finish it before the year VII., at the cost of 
indescribable trials and fatigues. They used for the determination 
of the angles repeating circles invented by Borda and constructed 
by Lenoir, and for which he had adopted the decimal divisions. 
The bases were measured by means of four rules of platinum con- 
structed also under the direction of Borda, the length of which had 
been compared with that of the toise of the Academy. 

This work began on June 25, 1792. Mdchain in charge of the 
portion comprised between Rodez and Barcelona was arrested at 
Essonne, at the very gates of Paris. He was very near putting ofT 
the work and delaying the operations until a more tranquil time in 
consequence of the agitation in the minds of those who wished to 
see in the astronomical instruments which followed him only in- 
struments of a counter revolution. He, however, was able to reach 
the frontier of Spain and immediately setting himself to work, he 
reconnoitered the summits of the triangles between Barcelona and 
Perpignan. The measurement of the angles began in September, 
1792, and was finished in November, with the exception of two fron- 
tier stations. M^chain devoted the winter to astronomical observa- 
tions, especially to the determination of the latitude of the southern 
terminal of the meridian at Mt. Jouy. At the moment when spring 
permitted him to resume the course of his work, he was the victim 
at Barcelona of a terrible accident in which he had several ribs and 
his collar bone broken, and which condemned him to two months 
of inactivity. And when he wished to make the stations of the 
Pyrenees the captain-general of Catalona refused him the necessary 
passports and signified to him that he could leave Spain only after 
peace. It was at this same moment that a decree of the Commit- 
tee of Public Safety removed six members of the Commission of 
measures. One would have thought, as Delambre remarked, that 
the two governments, divided upon all points, united to hinder 
this work. 

Forced to return to Barcelona, Mechain took advantage of this 
to verify his observations of the preceding winter ; and it was then 
that he conceived the project of binding the island of Cabrera to 
the Spanish continent in such a manner as to prolong the meridian 
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to parallel 39°, so that the arc was exactly cut in the center by the 
mean parallel. All his preparations were made, all his provisions 
were taken with the Spanish government, when the death of the 
captain-general of Catalona, Count Ricardos, threw everything 
again in question, and arrested his enterprise. He decided then 
to leave Spain, and being unable to re-enter France, he resigned 
himself to go into Italy. After a number of vicissitudes he reached 
that country, where he sojourned some time, hesitating to re-enter 
France in the presence of the political troubles which distracted 
that country. Finally in the year III., he reached Marseilles al- 
most at the moment when, after an interruption of fifteen months, 
Delambre was able to resume his measures. Toward the begin- 
ning of year IV. he resumed his work in the environs of Perpignan 
and conducted it toward Carcassona at the cost of great eflfort. 

" You could not have an idea " he wrote to Delambre, " of the dif- 
ficulty we have to procure wood and workmen for the transporta- 
tion and establishment of signals on the summit of the mountains. 
We are obliged to go on foot almost everywhere, and moreover, it is 
a physical impossibility to make certain stations otherwise, such for 
example, as Bugarach, which we could not reach except by hang- 
ing on to branches and underbrush and by climbing rocks. * * * 
Night and day we are exposed to storms, having for a bed only a 
little straw, and for shelter a simple tent, often interrupted and tor- 
mented by the clouds which envelop one of the stations and hang 
over it for entire days. * * * The south wind is terrible in these 
regions; nothing resists its violence; it is necessary to strike the 
tents and descend on hands and knees if one does not wish to be 
carried away as a feather." 

All these difficulties did not permit Mechain to reach Carcassona 
before year V. and it was not until the first month of year VII. 
that he terminated his work at Rodez. 

Less happy in the beginning than his colleague, Delambre, who 
had commenced by reconnoitering the stations near Paris, en- 
countered unexpected technical difficulties. On the other hand, 
in the midst of grave events which were happening at Paris, the 
villagers were inclined to see traitors everywhere; even the proc- 
lamation of the king, which had been given to him for a safeguard, 
caused him to be suspected ; at every turn he was arrested and 
his life was in danger. The distrust of the people gave place to 
amusing scenes which might have become tragic. 
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"When I arrived at Saint-Denis/' he says, *' I had to show 
my passports and I obtained a permit to remain, but the mag- 
istrate warned me that even with that aid I would not travel a 
quarter of a league. And, indeed, a half-hour after, in passing 
through Epinay we were arrested. They found that our instru- 
ments had not been designated with sufficient clearness in our 
passports ; they wished to seize them ; I was required to spread 
them on the ground and explain their use. No one understood 
the explanation I made, and it was necessary to recommence for 
each curious person who came. Vainly I endeavored to interest 
in my behalf two engineers who were present, endeavoring to prove 
the affinity of my work with that of their own profession. They 
saw clearly from the disposition of the minds around that they 
would only speak uselessly in our favor and dared not give a con- 
clusion. After three hours of debate we were forced to remount 
our vehicles with an armed guard and were taken to Saint- Den s. 
The place was filled with volunteers who were waiting for their 
arms to go to the defense of the frontiers. We were compelled to 
pass through this crowd and at the same time they were excited 
against us by the titles under which we were announced. I de- 
manded to be conducted to the magistrate who the same morning 
had given us that permit. During the time we were here they vis- 
ited our vehicles and found the sealed letters addressed to the 
officials of the districts which our meridian crossed. They wished 
to break the seals, but the national guard opposed them, alleging 
a decree of the Constitutional Assembly. Cries were heard. They 
demanded the magistrate and me. We descended without very 
well knowing what they wished of us. As we were descending the 
magistrate showed me a place where I could conceal myself and 
counselled me to wait there and then escape if he delayed more 
than a few minutes. He returned to announce that the danger 
was not imminent. They needed me to break the seals. There 
was a public reading of the letters. One was a circular in which 
the Committee of Public Instruction of the National Assembly 
recommended us to all the departmental administrators. They 
had already read six of these letters and the tired reader demanded 
grace. I proposed to take a letter at hazard from those which 
were still intact and I declared upon my head that they were all 
alike and I asked that they accept this last proof if it conformed 
to my statement. The proposition was accepted, but after exam- 

VOL, XXIXI. — 3. 
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ining the letters they began upon the instruments; they spread 
them out over the place* and behold, I was forced to recommence 
the course of geodesy, of which I had given the first lessons at 
Epinay. They did not listen any more favorably ; the day began 
to wane ; they saw little. The auditors were very numerous ; the 
first rows listened without comprehension ; the others further away 
heard less and saw nothing. The impatience and murmurs com- 
menced ; some voice proposed one of the expeditious means so 
much in use in those times, which, cutting short all the difficulties, 
also put an end to all doubts. The president of the district had 
the happy idea of putting ofT until the following d.iy the examina- 
tion of all our instruments; but pretending for our safety great 
severity, he ordered that a seal should be placed on all our effects 
and our vehicle sent to the guard station. Then we remounted to 
the room of the commune to sign a report of all that had just 
passed. It was suggested that I would better write to the Presi- 
dent of the National Assembly. My letter, read the next day, 
was sent to the Committee, who, on the same day, proposed by 
M. Lacepede a decree which was instantly adopted, the pnncipal 
provision of which was to recommend us to the administrative 
corps, municipalities and national guards of all the jplaces where 
Mechain and I thought we should extend our operations, to see 
that we were confronted by no obstacles and to allow the free 
transportation of all our instruments which we thought we should 
employ. This decree reached me on the 9th at Saint- Denis, where 
I had kept myself hidden since the adventure of the 6th." 

It was in the midst of embarrassments of this kind added to 
technical difficulties of every kind, caused pither by the state of 
the atmosphere or by the difficulty of finding the centers of the 
old stations, that Delambre pursued his observations. He was on 
the point of ending the station at Chatillon when a letter from the 
President of the Temporary Commission of Weights and eas- 
ures notified him of the decree of 3 Nivose, year II., enjoining him 
to cease his work. He was able, however, to obtain authority to 
finish his observations in course and did not return to Paris until 
12 Pluviose, year 11., after having finished the station at Orleans. 
The Revolutionary Committee of his section had put the seals on 
his house and to obtain their removal he was obliged to give proof 
of his mission. 

Meanwhile the Temporary Committee of Weights and Meas- 
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ures, entirely preoccupied with administrative details did not seem 
in any hurry to press the measurement of the meridian and the 
situation threatened to become a lasting one, when the law of 18 
Germinal, year III., gave a new impulse to the work. The Com- 
missioners, named by the Committee of Public Instruction (by a 
decree on 28 Germinal, year III.)» having designated anew Mechain 
and Delambre for the continuation of the work, the latter, after 
having examined the ground for a new base on the road from 
Lieusaint to Melun, on 18 Messidor resumed his operations which 
did not terminate until year VII. The bases of Melun and Pcr- 
pignan had been measured in year VI. 

When these workers, after having made a junction at Carcas- 
sona, returned to Paris they found a new Commission called for 
15 Vendemiaire, year VI I. With a conscientiousness which 
honors them, these two savants profiled by this to execute anew 
their calculations in a manner to set aside all doubt of the authen- 
ticity of the results obtained. The calculations were made sepa- 
rately by Tralles, Van Swinden, Legendre and Delambre. The 
comparison of the celestial arc deduced from the observations for 
latitude with the measured terrestrial arc gave for the flattening 
^^, whence it was estimated that one-four h of the meridian was 
equal to 5,130,740 toises and a meter to 443. 295936 lines. 

While the measurement of the meridian was in process of com- 
pletion, Lefebvre-Gineau and 1^'abroni achieved on their side the 
determination of the imit of weight, a wor v remarkable for the 
extreme care and particular precautions with which it was con- 
ducted. 

Resuming the experiments previously made by Lavoisier and 
Haiiy, they suspended to one arm of a balance by means of a hol- 
low rod which permitted the interior air to communicate with the 
exterior, a hollow cylinder of brass of which the mean height and 
mean diameter were measured with most extreme precision as well 
as the dimensions of the rod. In determining the pull exercised 
on the arm by the cylinder successively plunged into water and in 
air at a certain temperature, they concluded that the weight in a 
vacuum of the volume of water contained in the cylinder was a 
function of the unit of weight arbitraril)- employed In compar- 
ing later tHis unit of weight with the mean mnrk (8 oz.) of Charle- 
magne they found that the kilogram .should be equivalent to 18,- 
827.15 grains. 



20 THE QUARTERLY, 

During the achievement of this scientific work the public powers 
began a series of administrative measures destined to launch the 
new system as vigorously and as promptly as possible. A decree 
of I Vendemiaire, year IV., rendered the use of the meter obliga- 
tory in the commune of Paris, counting from i Nivose following, 
then in the department of the Seine counting from lo Nivose and 
prescribed the progressive renovation of the old weights and meas- 
ures in all France. 

Finally the principle of the new system was inserted in the con- 
stitution of the year IV., of which article 371 reads as follows: 

Uniformity of weights and measures in the Republic. On 25 
Vendemiaire, year VII., the scientific men designated to take part 
in the verification of the work and definitive determination of the 
values of the fundamental units met at Paris. They were MM. 
iEneeae (Batavian Republic), Balto (Sardinia), replaced later by 
Vassalli Eandi; Brisson (France), Bugge (Denmark). Ciscar (Spain), 
Fabbroni (Tuscany), Franchini (Roman Republic), Haiiy (France), 
Lagrange (France), Laplace (France), Lefebvre-Gineau (France), 
Legendre (France), Mascheroni (Cisalpine Republic), Mechain 
(France), Multedo (Ligurian Republic), Pedrayes (Spain), Prony 
(France), Tralles (Switzerland), Van Swinden (Batavian Republic). 

It is but just to add to these names those of the scientific men 
who, after having taken an active part in the operations, could not, 
for various reasons, form a part of the definitive commission, viz : 
Borda, Lavoisier and Vandermonde, deceased; Berthollet and 
Monge, envoys to Egypt ; Tillet and General Meusnier, who took 
an important part in the preparatory work ; and the talented artists 
Lenoir and Fortin who constructed the instruments with a precis- 
ion heretofore unknown. 

Three Commissions were formed. 

The special Commission for the quadrant of the meridian and 
the length of the meter comprised MM. Tralles, Van Swinden, La- 
place, Legendre, Ciscar, Mechain and Delambre. Their report, 
prepared by M. Van Swinden, was rendered 7 Flor^al, year VII. 

The Commission charged with regulating and establishing the 
ratio between the toises of the north, of Peru and of Mairan, was 
composed of MM. Multedo, Vassalli, Coulomb, Mascheroni and 
Mechain. They presented their report 21 Flor^al, year VIL 

The Commission for the determination of the unit of weight was 
composed of MM. Tralles, Vassalli, Coulomb, Mascheroni and Van 
Swinden. They gave their report 2 Prairial. 
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This report and that of the first Commission united and remod- 
elled by M. Van Swinden were read at a general meeting of the 
Institute 29 Prairial, year VII. 

The length of the meter was definitely fixed at 443.296 lines of 
the toise of Peru. 

The weight of a kilogram in a vacuum was fixed at 18,827 
grains. 

According to these data, a certain number of standard meters 
and kilograms were constructed by Lenoir and Fortin under the 
direction and surveillance of the scientific men who had fixed their 
value. 

On 4 Messidor, year VIL, the Institute presented to the legis- 
lative corps the standard models in platinum of the meter and 
kilogram which were immediately placed in the national archives 
in execution of article 2 of the law of 18 Germinal, year III. 

The two legislative Assemblies gave the honor of a meeting to 
the commissioners of the Institute and the response of the two 
presidents witnessed their enthusiasm. 

'* Your homage, agreeable to the Council," said citizen Genissieu, 
president of the Council of Five Hundred, " will not be less so to 
the people of France. It will be noticed with interest that in the 
midst of a salutary crisis and at the moment when the cry * To 
arms ' was heard, to repulse the barbarians, enemies of all light 
and civilization, that the constant and persistent work of the 
savants and artists perfected and executed with the confidence of a 
strong republican pride this which genius has conceived in the very 
midst of the greatest revolutionary movements ; so true it is that 
opposition and resistance to liberal thoughts and institutions are 
powerless and only give them a new impetus, a new force. While 
you continue, citizens, to spread instruction and light and to revive 
public spirit, the Legislative Corps in concert with the Directory, 
will strive to bring back order, economy, confidence and happiness ; 
and the courage of France, reunited under the flag, guided by the 
chiefs who have often led to victory, will again defeat our enemies." 

" Behold," in his turn said Baudin (of Ardennes), president of 
the old Council, •* the immortal service which the National Insti- 
tute has rendered to the French Republic, or rather the benefit it 
has oflFered to mankind ; for if one discovery of this kind honors 
both the men to whom we are indebted and the age to which it 
pertains, it ought also to pass to succeeding ages and cro.ss over 
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the limits which separate the nations, to form between them a com- 
mon tie which will, unite them." 

There remained the formility of fixing the legal value of the 
meter and kilogram ; such was the object of the law of 19 Frim- 
aire, year VIII : 

Art. I. The provisionary determination of the length of the 
meter as 3 ft. 12*44 ordered by the law of August 1, 1793 and 18 
Germinal, year III., stands r.e voiced and void. The before-men- 
tioned length, forming TrnrTAnnrT P^^^ ^^ ^^e arc of a terrestrial 
meridian from the north pole to the equator is definitely fixed in 
its agreement with the former measure at 3 ft., 12 yir^Mvff*- 

Art. 2. The meter and kilogram of platinum sent 4 Messidor 
last (June 22, 1799) to the L-?gislative Corps by the National In- 
stitute of Sciences and Arts, are the definitive standards of length 
and weight throughout the Republic. There shall be sent to the 
Consular Commission exact copies to serve in the construction of 
new measures and new weights. 

Art. 4. A medal shall be struck off to transmit to posterity the 
epoch at which the metric system was carried to perfection and 
the work which served as a ba^^is. The inscription of the principal 
side of the medal shall be : To all times^ to all nations^ and on the 
reverse, French Republic^ Year VIIL 

The consuls of the Republic are charged to regulate the other 

accessories. 

Signed : Boulay, ex-President, 

Beranger, Ludot, Secretaries. 

The consuls of the Republic ordered that the above law should 
be published, executed and should bear the seal of the Republic. 

Made at the national palace of the consuls of the Republic, 19 
Frimaire, year VI II. (December 10, 1799). 

Signed : Sieves, Bonaparte, Duces. 

III. The Metric System was founded; but it was yet to undergo 
numerous vicissitudes before it should definitely come into prac- 
tice; inopportune measures, such as the decree of 13 Brumaire,. 
year IX. (November 4, 1800), allowing modifications of the nomen- 
clature, and the decree of February 12, 18 12, authorizing the con- 
struction of instruments of weight and measure, presenting divisions 
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formerly in use in place of decimal divisions, struck a hurtful blow 
to the new system. The Restoration did not interest itself in a 
reform which bore the seal of the Revolution, and it was necessary 
in order to bring it definitely into practice that the law of July 4, 
1837, should render obligatory the use of the new weights and 
measures. The propagation of the system to other countries 
offered no less difficulty. The history of this propagation in which 
the International Geodetic Association took a most influential part 
would. need a special study. 

But the advisability of having the same scientific language in all 
countries was to lead scientists to rally to the decimal system of 
weights and measures in France, certainly the most simple of all 
those in existence. 

When the Geodetic Association was founded about forty years 
ago it had especially for an object the uniting in one single group 
the triangulations of different countries in view of forming a great 
chain of parallels or meridians which should serve for the study of 
the form of the earth, but on comparing the points of junction of the 
different networks, they failed to express their length in one com- 
mon unit ; each country at that time had a different unit. The 
Geodetic Association then thought to found an international 
bureau for effecting a comparison of different standards of length 
and to bring them to a common unit. Consequently, when the 
Association which is now the International Bureau of Weights and 
Measures was founded, it recognized the necessity of a single unit 
and it then adopted the meter. 

An international convention to-day regulates the system of 
weights and measures of the associated countries ; the system has 
for a base an international meter and an international kilogram, 
the two agreeing with the French prototype ; these two standards 
are deposited with the International Bureau of Weights and Meas- 
ures of Breteuil at Sevres. 

It is, without question, the institution of this Bureau which has 
contributed the most largely to the development of the metric 
system in foreign countries. 

Along the same line of thought, physicists have adopted a com- 
mon language for the definition of units employed in physics 
and mechanics; the unit of force, unit of work, unit of accelera- 
tion, etc. They employ the centimeter-gram-second, or, in abbre- 
viation, the c.g.s. system, in which the unit of length is the 
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centimeter, the unit of mass is the mass of the gram, the unit 
of time is the sexagesimal second of mean time. But here the 
reform is not complete ; the first two unite pertain to the metric 
system, while as to the third, the unit of time, they hesitated to 
introduce the decimal fraction of a day the -^^^ part in order to 
preserve the duodecimal fraction -^-^\^^ part; the system as thus 
known is not free from duodecimal complications. 

The unit of time remains thus outside the decimal system and it 
is to be feared that this obstacle will for a long time offer resistance 
to its adoption in spite of the numerous attempts which have been 
made and are still being made to-day. 

However this may be, we can say that the end which the pro- 
moters of the metric system proposed has been attained. It will be 
for France, for all the illustrious savants who collaborated in its 
establishment, and in particular for the Academy of Sciences an 
eternal glory to have accomplished such a reform, which has justly 
received the adherence of all civilized nations, and in that way, 
contributed efficaciously toward facilitating their relations and aug- 
menting their accord. 



[Contribution from the Havemeyer Laboratories, Columbia University, No. 58.] 

ON A COLORIMETRIC METHOD FOR THE ESTIMA- 
TION OF SULPHUR IN PIG IRON. 

By W. G. LINDSAY. 

All the numerous volumetric methods for the determination of 
sulphur in pig iron are based on the evolution of the sulphur pres- 
ent, either partially or completely, as hydrogen sulphide. Now 
hydrogen sulphide is essential to the formation of methylene blue, 
very intense in color and readily soluble in water, so that it seemed 
possible to use this reaction, heretofore only applied as a very 
delicate qualitative test for hydrogen sulphide, to the estimation of 
sulphur in pig iron by comparing the dilute solution with others 
made up with known quantities of sulphide. 

In order to have samples on which to try this method, whose 
sulphur contents was accurately known, three samples of pig iron 
were analyzed, by Elliott's method as a typical evolution method* 
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by Arnold's and by Bamber's as the most accurate oxidation 
methods. 

The samples were : 

A. Gray forge Durham pig iron. 

B. A very brittle white cast iron. This was pulverized in a 
Harveyized mortar for analysis. 

C. Gray pig iron, high in sulphur. 
The results were : 





Elliot Mkthod. 


Arnold Method. 


Bambbr Method 


A 


0.025 % 


0.062 


0.0695 


B 


0.023 % 


0.022 


0.025 


C 


0.0956 % 


0.093 


O.IOI 



Each of these results is the average of three determinations. 

Application of tfie Methylene Blue Reaction. — When the hydro- 
chloric acid salt of paraphenylene-dimethyl-diamine (unsymmetri- 
cal) is oxidized by ferric chloride in the presence of hydrogen 
sulphide, we have formed in solution the well-known dyestuff 
methylene blue. If the diamine is in excess and sufficient ferric 
chloride is present for the oxidation, the color produced will be 
proportional to the hydrogen sulphide present. 

The reaction requires for every atom of sulphur (S) 2 molecules 
of the diamine (C,H^NH,N (CH,)j,2HCl) and 6 molecules of ferric 
chloride (FeCI,) to produce one molecule of methylene blue 
(CjjHjgNjSCl). That is, one part of sulphur requires approximately 
thirteen parts of the diamine salt and thirty parts of ferric chloride 
to produce ten parts of methylene blue. Hence if we had in 
solution 0.00015 gram of sulphur, we would need 0.00195 gram of 
the diamine and 0.0045 gram of ferric chloride. So o.io cc. of a 2- 
per-cent. solution of the diamine and 0.05 cc. of a lo-per-cent. 
solution of ferric chloride would furnish sufficient quantities for the 
reaction. 

After some experiments, the best conditions for the reaction 
were found to be to add to the sulphide solution in a narrow Ness- 
ler tube o. i cc. of the 2-per-cent. diamine solution, 0.05 cc. (one 
drop) of a lo-per-cent. solution of ferric chloride and 1.5 cc. of di- 
lute sulphuric acid. 

The method was tested as follows : A solution of pure crys- 
tallized sodium sulphide (Na^S.QHjO) was made containing 3 75 
grams per liter and checked by titrating with iodine ; when diluted 
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with nine parts of water this gave a solution containing 0.CXXX)5 
gram of sulphur per cc. 

A set of standards was then made with this solution and used 
for the estimation of the sulphur in the pig irons already men- 
tioned as follows : 

Five grams of the sample were treated with hydrochloric acid 
and the hydrogen sulphide absorbed by caustic soda as in the El- 
liott Method. This solution was washed into a 250 cc. flask, di- 
luted to the mark and mixed. Five cc. of this were run into a 
narrow 50 cc. Nessler tube, 1.5 cc. of dilute sulphuric acid added 
and the whole diluted to the mark, then o.i cc. of the diamine 
solution and 0.05 cc. of the ferric chloride solution added. The 
tube was covered and inverted once and in thirty seconds the color 
developed and was compared with the standards which were made 
up containing o.l, 0.2, 0.3, etc., up to 2 cc. of the sodium sulphide 
solution containing respectively 0.000005, o.ooooio, etc., up to 
0.00 1 gram of sulphur and treated exactly as the solutions to be 
tested. 

As five grams were taken of each sample of pig iron and the 
sulphide solution from each was diluted to 250 cc. of which 5 cc. 
were taken to produce the color, an amount corresponding to o.i 
gram of pig iron was used; so to obtain the percentage, multiply 
the value on the nearest tube by i.ooo which renders the calcula- 
tion very simple. 

The results obtained by this method were : 



Sample A 


0.025, 


0.025, 


0.025, 


0.027 


Average 0.025 + 


Sample B 


0.023, 


0.022, 


0.025, 




Average 0.023 


Sample C 


0.095, 


0.095, 


o.o95» 


0.095 


Average 0.095 



Comparing these results with those by the regular methods we 
see that they check very closely those by Elliott's method. 

As sodium sulphide solutions do not keep well, the standards 
can be made by weighing out methylene blue B. B. diluting and 
and comparing with the color from a standard pig iron. It was 
found in this way that when one gram '*' was dissolved in a liter of 
water and one-tenth of a cc. of this solution added to a tube with 
1 .5 cc. of dilute sulphuric acid and diluted to the mark, that the 
color produced matched the tube containing 0.00003 gram of sul- 



* Obtained from Pickhardt and Kuttroff. 
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phur. Methylene blue is often impure, so the solution must be 
very carefully standardized for each sample purchased. 

As some persons have difficulty in distinguishing between shades 
of blue, the method may be modified by using other diamines in 
the same way; for example ordinary para-phenylene-diamine, 
which produces Lauth's violet. 

This colorimetric method possesses with all the other evolution 
methods the error due to incomplete liberation of sulphur from 
some irons, such as sample A, but when we compare it only with 
evolution methods it seems on account of its simplicity and rapidity 
to deserve a careful trial. 



[Contribution from the Havemeyer Laboratories, Columbia University, No. 59.] 

ON THE DETERMINATION OF MANGANESE 

IN SPIEGEL. 

By THOMAS F. HILDRETH. 

During the past few years many new and modified methods have 
been published for the estimation of manganese and it was thought 
that a comparison of these methods on spiegel would be of interest. 

Review of Methods. Determination as Phosphate. 

Dakin has shown* that the precipitation of manganese ammo- 
nium phosphate is readily effected by adding a very large excess of 
diammonium hydro«[en phosphate to the hot neutral solution con- 
taining the manganous salt, and then warming on the water-bath 
until the manganous orthophosphate is converted into MnNH^- 
PO^.HjO. This takes place rapidly without the presence of am- 
monium chloride or other ammonium salt except the phosphate. 
The precipitate is washed first with a i-per-cent. solution of am- 
monium phosphate, then with alcohol and ignited and weighed as 
pyrophosphate. 

Determination as Sulphate. 

Gooch and Austin f recommend this method. The manganous 
solution is evaporated with an excess of sulphuric acid in platinum, 



 Z, fitr Analytische Chemie^ 39, 785. 1900. 

^ American J, Science^ 5, 155, pp. 209-214. 1898. 
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on a water-bath, then the dish is placed inside a porcelain crucibles 
supported on a porcelain ring, and the excess of sulphuric acid, 
removed by heating the outer (porcelain) crucible red hot. 

Freidheim and Briihl* have confirmed the accuracy of this 
method. They dissolved the hydrated dioxide from the filter by 
hydrogen peroxide and dilute sulphuric acid into a weighed crucible 
and drove off the excess of sulphuric acid at a temperature of about 
360° C. (under 400° C). 

Precipitation as Dioxide. 

Gooch and Austin f advise the use of sodium chlorate instead of 
potassium chlorate for the precipitation of manganese in Ford's 
method because it is both more soluble and more readily decom- 
posed, and so is less likely to be held back by the precipitate. 
They show that the precipitate is not always MnO,, but varies in 
its oxygen content with the conditions of precipitation. Also that 
it begins to lose oxygen at 210° C, the temperature necessary for 
its dehydration and confirm the general verdict as to the undesir- 
ability of weighing manganese as oxide. 

VoLHARD*s Method. 

Auchy X gives some details and states that Volhard's method is 
more reliable than Williams's. Mixer § describes Sarnstrom's 
method for the precipitation of the iron by sodium bicarbonate 
before titration of the manganese by permanganate. Auchy || de- 
scribes Stone's modification of Volhard's method, in which the 
baking of the residue is omitted, the original nitric acid solution 
of the Spiegel neutralized and titrated and gives it the preference 
over the original Volhard method. Daw ^f regards the presence of 
organic matter, use of zinc oxide in large quantities and the stand- 
ardizing against iron instead of against manganese as the sources 
of error, but does not consider the presence of carbon objection- 
able. 

Lehnkering** condemns all volumetiic methods for court work. 



 Z. fiir Analytische Chemic, Vol. 38, p. 687. 

'\ American J. Science, 5, 155, p. 260. 1 898. 

XJ. Am. Chem, Soc, 1 7, 943. 1895. 

'^J. Am. Chem. Soc, 18, 385. 1896. 

II y. Am. Chem. Soc, 18, 496. 1896. 

^/ C. S. Lond., 76, 334. 1899. 

*♦ Z. fur Anal. Chemity 39, 328. 1 900. 
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Experimental Work. 

The work described here was done on a single sample of spiegel 
obtained from a large ground sample by taking that portion which 
passed through a 200-mesh sieve and mixing it thoroughly.* 

Gravimetric Method. 

The standard gravimetric method was carried out, making two 
successive basic acetate precipitations and weighing the manganese 
as pyrophosphate, after precipitating with a large excess (5-6 
grams) microcosmic salt. The results were 22.66, 22.72, 22.70, 
22.66 per cent, manganese. Another sample precipitated by 
ammonium phosphate according to Dakin's conditions gave 22.71 
per cent. 

The only point to be noted is the necessity of evaporating the 
filtrates from the basic acetate separations, for no matter how clear 
and colorless the solutions appeared, small quantities of iron often 
separated on evaporation. These were filtered out, dissolved and 
reprecipitated as basic acetate to separate from the manganese 
which contaminated them. 

Ford's method was tried with potassium and with sodium chlor- 
ate ; the iron was removed from the manganese dioxide by two 
basic acetate precipitations, then the manganese precipitated as 
phosphate; the results were: with potassium chlorate 23.08 per 
cent. ; with sodium chlorate 23.10 per cent. These results are high 
on account of the great quantity of salts present from the basic 
acetate separations, when the phosphate precipitations were made, 
and are only given for a comparison between the two chlorates. 

Weighing as sulphate was tried but the manipulation was 
troublesome and the method afforded no advantage over the pre- 
cipitation as phosphate while it required more time and attention. 

Permanganate Titration Methods. 

An approximately N/ioo solution of potassium permanganate 
was standardized against ferrous ammonium sulphate and against 
freshly made lead oxalate, giving for its strength i c.c.=b 0.00526 
gram of iron. This solution was used for all the titrations which 
follow. 



* The sample was made from Franklinite and obtained by the kindness of the New 
Jersey Zinc Co. 
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VoLHARD Method and its Modifications. 

With a view to determining the relative merits of using hydro- 
chloric, nitric or sulphuric acid solutions and at the same time 
testing Stone's method and the various changes that have been re- 
cently recommended in both methods, portions of the Spiegel were 
treated with each acid and the following five methods tried on each 
solution. 

1. Neutralizing with sodium bicarbonate (Sarnstrom). 

2. Neutralizing with barium carbonate. 

3. Neutralizing with sodium carbonate and adding zinc oxide in 
excess. 

4. Neutralizing with sodium carbonate and zinc oxide but avoid- 
ing a large excess of zinc oxide. 

5. Neutralizing with sodium carbonate and adding a large ex- 
cess of zinc oxide suddenly. 

Three portions of five grams each were weighed out. 

Portion A was placed in a flask and dissolved in hydrochloric 
acid, potassium chlorate being added to oxidize the iron. The so- 
lution was boiled to expel chlorine, etc., cooled, diluted to one liter 
and divided into five portions of 200 cc, each equal to one gram 
of Spiegel, and placed in liter flasks. 

Portion B^ was dissolved in nitric acid in a liter flask and all the 
nitrous fumes boiled out. It was then cooled, diluted to one liter 
and divided into five portions. 

Portion 6* was dissolved in 50 cc. of nitric acid in a casserole, 
evaporated to dryness and baked on a hot plate to destroy com- 
bined carbon. The residue was taken up with 25 cc. concen- 
trated hydrochloric acid, then evaporated to fumes with sulphuric 
acid, next dissolved in water, heated to dissolve the sulphates and 
when cold transferred to a liter flask diluted to the mark mixed 
and divided as before. 

Portion A. HydroclUoric Acid Solutiom. 

I. Solution I (one-fifth of portion A) was diluted with 500 
cc. of boiling water and a solution of sodium bicarbonate added 
until the precipitate containing iron coagulated. The solution was 
then diluted to one liter, allowing for the increased volume due to 
the temperature of the solution, and mixed by pouring back and 
forth into a dry beaker. Portions of 200 or 300 cc. each were 
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drawn off without filtering, heated to 80° C. in porcelain casse- 
roles and titrated by potassium permanganate. 

The precipitate settled very, slowly and this difficulty was only 
partially overcome by dilution with hot water. The results were 
very dependent on the amount of sodium bicarbonate added, an 
excess over that required to precipitate the iron giving very low 
results. 

Several titrations were made in each case until concordant re- 
sults were obtained. 

Average result 22.93 per cent, manganese. 

2. The solution was diluted to about 700 cc, and barium car- 
bonate suspended in cold water was added till the iron was com- 
pletely precipitated, requiring a slight excess of barium carbonate. 
The solution was then diluted to the mark, mixed as before, filtered, 
and portions of 200 or 300 cc. drawn off into casseroles, heated 
to boiling and titrated. The end point was not sharp. When 
near the end a pink color appeared which disappeared by vigorous 
stirring in about half a»minute; this was repeated with each addi- 
tion of permanganate until finally the color was permanent. 

Average result 22.40 per cent. 

3. The solution was diluted to about 400 cc. and sodium car. 
bonate added until about two thirds of the acid was neutralized, 
then an emulsion of zinc oxide was added until the solution coag- 
ulated, avoiding an excess, diluted to about 800 cc, then a con- 
siderable excess of zinc oxide was added, the flask shaken, diluted 
to the mark, mixed, filtered and portions drawn off, heated and 
titrated. 

The precipitate settled and the end point was sharp. 
Average result 22.47 P^^ cent. 

4. Solution was diluted to about 350 cc, nearly neutralized by 
sodium carbonate and an emulsion of zinc oxide added until the 
precipitate collected well, avoiding an excess of zinc oxide. The 
solution was diluted, etc., and titrated as in (3}. The precipitate 
settled well and the end point was sharp, showing an average of 
22.63 P^r cent, manganese. 

5. The solution was diluted to about 350 cc, two thirds of the 
acid neutralized by sodium carbonate, then diluted to about 800 
cc, and a large excess of zinc oxide added suddenly. The solu- 
tion was then diluted, mixed, filtered and titrated as before. 

Average result 22.39 P^** cent. 
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Portion B> Nitric Acid Solution, 

These five methods were repeated, giving the following results : 

1. Neutralizing by sodium bicarbonate 22.94 per cent. The 
precipitate settled slowly and the results were dependent on the 
amount of bicarbonate used as in the hydrochloric acid solution. 

2. Neutralizing by barium carbonate gave 22.39 per cent. The 
end point was uncertain. 

3. Neutralizing by sodium carbonate and zinc oxide in excess 
gave 22.58 per cent. 

4. Neutralizing by sodium carbonate and zinc oxide, avoiding 
an excess, gave 22.78 per cent. 

5. Neutralizing by sodium carbonate and zinc oxide, excess 
added suddenly gave 22.63 per cent. 

In 3, 4 and 5, the precipitate settled well and the end point was 
sharp and distinct. 

Portion C. Sulphuric Acid Solution, 

The same methods gave these results : 

1. End point poor, with excess of bicarbonate results low ; best 
results 22.94 pci* ccn^' 

2. No results on account of barium sulphate. 

3. 22.73 per cent. 

4. 22.58 per cent. 

5. 22.63 per cent. 

3, 4 and 5, gave most satisfactory titrations. 

Ford- Williams Method. 

This well-known method was repeated on a number of portions 
of the Spiegel; in one-half of the determinations sodium chlorate 
was used, in the other potassium chlorate. The precipitated 
manganese dioxide was dissolved in sulphuric acid and ferrous 
ammonium sulphate solution, 53.48 grams per liter, which was 
standardized repeatedly against the permanganate solution. 

The average results were : 

When KCIO3 was used 22.70 per cent. 

When NaClO, was used 22.76 per cent. 



HCl 


HNO3 


H,S04 


Solution. 


Solution. 


Solution 


22.93 


22.94 


22.94 


22.40 


22.39 




22.47 


22.58* 


22.73 


22.63 


22.78 


22.58 t 


22.39 


22.63 


22.63 
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Summary of Average Results. 

Gravimetric Methods. 

Basic Acetate, Bromine and Phosphate 22.69% 

Volumetric Methods. 
Ford- Williams Method 22.73 

VoLHARD Method and its Modifications. 

Nbutxalizbd by * 

1. NaHCO, 

2. BaCO, 

3. Na^CO, and ZnO in excess after dilution 

4. Na^CO, and ZnO avoiding excess 

5. Na,CO, and ZnO in great excess at once 

We see from these results that there are four reliable methods 
for manganese in spiegel: The standard gravimetric, Ford-Wil- 
h'ams, Volhard and Stone ; of these the gravimetric is the most ac- 
curate, and Stone's the most rapid. This agrees with the Amer- 
ican practice of to day as well as with the conclusions of Auchy, 
Daw and others who have recently written on the subject. There 
are, however, a few points that are not altogether without interest. 

1. The precipitation by (NHJ,HP0^ without ammonium chlo- 
ride as given by Dakin gave accurate results. 

2. In the Ford or Ford-Williams method it makes no difference 
in the results, whether sodium or potassium chlorate is used, hence 
sodium is to be preferred as recommended by Gooch and Austin. 

3. Sarnstrom's method is inferior to any of the zinc oxide meth- 
ods of neutralization before titration. 

4. Barium carbonate gives low results and an uncertain end 
point, showing the necessity of zinc salts. 

5. The presence of chlorides is undesirable, while between 
nitrates and sulphates there is no choice. 

6. Our best results were obtained in a sulphate solution to which 
an excess of zinc oxide was added after neutralization (with ZnO) 
and dilution. 

7. The original Volhard method and Auchy's modification of 
Stone's give identical results, which are about o.i per cent. low. 

8. No definite conclusions are warranted in respect to the excess 
of zinc oxide and the manner of adding it The irregular results 
in the table, though the duplicates agreed, point out the necessity 
of neutralizing, and standardizing in exactly the same way each time. 

* Stone's method as given by Auchy. 
t Original Volhard method. 

VOL. XXIII.— 3. 
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[G>ntributioDs from the Geolc^ical Department of Columbia UDiversity, Vol. IX., 
No. 76, Part II. ; School of Mines Quarterly, Vol. XXIII., No. i, pp. 34-74, 
August, 1 901.] 

THE SILURIC FAUNA NEAR BATESVILLE. 

ARKANSAS. 

Part II. Paleontology: Trilobita. 

By gilbert VAN INGEN. 
(Text Figures 9-22.) 

The present paper contains the first instalment of matter descrip- 
tive of the fossil organisms contained in the Siluric limestone of 
the vicmity of Batesville, Independence county, Arkansas. The 
geological relations of the rocks containing this fauna were de- 
scribed in a former contribution (Part I.), published in the School 
OF Mines Quarterly, Vol. XXII., No. 2, 1901, pp. 318-329 

The trilobites constitute the most interesting group of organisms 
of the St. Clair fauna both on account of the number of genera 
and species, and because of their v^ilue for correlative purposes. 
The group is represented by about twenty-eight species, di^tributed 
among seventeen genera. Of this number of species at least 12 
are new to science. Those species on the subjoined list indicated 
by (old), 1 1 in number, are already known from the Clinton- Niagara 
formations of North America. A few species, indicated in the list 
by (Brit), were originally described from the Wenlock rocks of 
Great Britain, and are now for the first time recognized in a for- 
mation of equivalent age in this country. 



List of Trilobites of the St. Clair Fauna. 



I 



(old) Odontopleura ortoni, (Foerste), 1887. 

2 (new) Odontopleura arkansana, sp. nov. 

3 (old) Ceratocephalagoniata, Warder, 1838, depauperata. 

4 (new) Ceratocephala nodulata, sp. nov. 

5 (new) Ceratocephala coalescens, sp. nov. 

6 (Brit.) Acidaspis quinquespinosa, Salter-Lake, 1896. 
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7 (new) Acidaspis obsoleta, sp. nov. 

8 (new) Ampyx niagarensis, sp. nov. 

9 (new) PrcBtttS corrugatus, sp. nov. 

I o (new) Proetus subannulatus, sp. nov. 

II (old) Arges phlyctenoideSy (Green), 1837, depauperatus. 

1 2 (new) Arges arkansanus, sp. nov. 

Arges species A, pygidium. 
Arges species B, pygidium. 

13 (old) Lichas nereus, Hall, 1863. 

14 (old) Encrinurus punctatus, (Brunnich) Wahl., 1821. 

15 (old) Dalmanites (Synphoria) vigilans. Hall, 1861. 

1 6 (new) Dalmanites (Synphoria) arkansanus, sp. nov. 

17 (old) Ceraurus niagarensis. Hall, 1867. 

1 8 (Brit.) Staurocephalus murchisoni, Barrande, i 846. 

19 (Brit.)Deiphon forbesi, Barrande, 1850. 

20 (old) Sphserezochus romingeri, Hall, i 862. 

21 (old) Calymenne niagarensiSy Hall, 1843. 

22 (new) Calymenne altirostris, sp. nov. 

23 (new) Cyphaspis arkansanus, sp. nov. 

24 (new) Cjrphaspis spinulocenriXy sp. nov. 

25 (old) Illaenus ioxuSy Hall, 1867. 

26 (old) lUsnus madisonianus, Whitfield, 1882. 

27 lUsnus species A. 

28 (new) Bronteus, sp. nov. 

Among the material in hand are numbers of hypostoma. refer- 
able to several genera, but which it is impossible to definitely as- 
sociate with any of the above species. Separate descriptions of 
these will follow the discussion of the species. 

In the present contribution the first 16 species of the list are 
described. 

It will be noted that the limestone, 426-C3, of the Cason mine 
has furnished comparatively few species of trilobites. It should 
not be inferred from this that these organisms are necessarily ab- 
sent from the rock at that locality, as our collections made there 
were very small, being such as we were able to hastily pick up 
from the surface. 
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NOTES ON THE FAMILY ACIDASPIDiE, Barrande, 1852; 

Beecher, 1897. 

This term AciDASPiDiE is by us preferred to Odontopleurid/K 
of Burmeister, which latter name has recently been suggested as a 
substitute for the former by Etheridge and Mitchell (1897, p. 
694). Bnrmeister's term as a family name seems to have priority 
over Barrande*s Acidasfid.*:, although the generic term Odonto- 
pleura of Emmrich was proposed at a later date than that of 
AciDASPis of Murchison. This is evidenced by the fact that Mur- 
chison's term is cited by Emmrich in the same work in which the 
latter proposed Odontopleura (vide Barrande, 1852, p. 692). 
The term Acidaspid^ has become so well established in the lit- 
erature and the characteristics of this family so well pointed out 
under that designation, that it appears to us inadvisable to apply 
any other name to this group of trilobites. Dr. J. M. Clarke has 
shown that Warder's name, Ceratocephala, has priority over all 
others applied to the group. On the grounds of strict priority 
this name, that of its earliest founded genus, should be applied to 
the family. We would, however, thus introduce into the already 
crowded list of trilobitic nomenclature another family name, an un- 
warranted proceeding. If it could be shown that any one of the 
genera included in this family represented the main stock from 
which were derived the other forms of this group, then might the 
name of that genus be taken as the name of the family. At pres- 
ent we cannot indicate which genus seems to fulfill these require- 
ments, and we accordingly continue to employ that name under 
which the group is best known. 

Dr. J. M. Clarke, in his suggestive notes on the genus Acidas- 
pis, (1891 a, b, c), recognizes only one genus, Ceratocephala of 
Warder, 1838, which name he resurrects and employes in the gen- 
eric sense in place of Acidaspis of Murchison, 1839. The follow- 
ing names are recognized as subgenera under Ceratocephala : 
Odontopleura, Emmrich, 1839; Acidaspis, Murchison, 1839; 
Ceratocephala, sensu stricto (Trapelocera. Corda, 1847); Se- 
LENOPELTis, Corda, 1847; Dicranurus, Conrad, 1841 ; Ancy- 
ropyge, Clarke, 1 891. It might perhaps be well to consider these 
divisions as of generic value, as has been suggested by Etheridge 
and Mitchell (1897, P- 694). For arguments as to the values of 
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these above-mentioned names and others that have been applied 
to trilobites of this family, the reader is referred to the following 
papers: Barrande (1852, p. 692); Vogdes (1897, pp. 138-139, 
and 1893, 1895). and Clarke (1891 a, b, c). 

Dr. Clarke, in the paper just cited, gives an analytical key to 
the subgenera based largely upon the structure of the occipital 
ring. This key in an amended form, and some figures, are here 
given that the reader may the more readily grasp the distinctions 
upon which the subdivisions are based. 




Z^Odoniojo/euraoucL/a ' >/ A-Se/enoj^e/tid huchi 





5~ Ctrafoetpha/a hrtuo^t* 





6 - dratbcephala c/anai 




1 'Dtcra/furus hamatlt^ 



i-Acidaspis hrifihti 



Fi(;s. 3-8. Lobation of cephala in the genera of AciDASPiD.r.. 3. Odontopleiira 
OTata, Emmrich (after Burmeister). 4. Selenopeltis buchl, Barrande, sp. (after 
Barrande). 5. Ceratocephala prevosti, Barrande, sp. (after Barrande). 6. Ora- 
tocepbala danai, Hall, sp. (after Hall). 7. Dicrannnis hamatiis, Conrad (after 
Clarke). 8. Acldaspis bright!, Murchison (after Salter). 
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Letters used on figures : a, central lobe of glabella, b, first or 
anterior pair of lateral glabellar lobes ; seldom present, c, second 
or median pair of lateral glabellar lobes ; double in Selenopeltis. 
dy third or posterior pair of lateral glabellar lobes ; e, lateral frontal 
expansions of central lobe. fff« false furrow, i, external area of 
the fixed cheek, k, fixed cheek ; when tumid forming the cheek 
lobes, no, ocular ridge, o, eye. p, genal spine, r, occipital ring. 
]/, lateral lobes of occipital ring, sos', facial suture, t, occipital 
spines, zz, axial furrow, zh, continuation of axial furrow over 
occipital ring, fz and fy, the branches of the bifurcated occipital 
furrow. I, 2, 3, first, second, and third lateral glabellar furrows : the 
first pair usually absent. 

Family ACIDASPIDiB, Barrande. 
Diagnosis according to Beecher (1897, P- ^97\ 

** Dorsal shield spinose. Cephalon transversely semi -elliptical, quadrate or trap- 
ecoidal ; genal angles spiniform. Glabella wtth one large median axial lobe and two 
or three lateral lobes. Free cheeks large, separate. Sutures extending from within 
the genal angles abruptly inwards to the eyes, and then forward, cutting the anterior 
margin each side of the glabella. Eyes small, often prominent. Thorax of eight to 
ten segments, with ridged pleura extending into hollow spines. Pygidium usually 
small, with spinous margin. Ordovician to Devonian." 

Analytical Key to the Genera. 

1. Species having the occipital ring smooth or with central tubercle. 

a. Lateral lobes of glabella distinct : 

Odontopleura, Emmrich, 1839. Type 0. ovata, Emmrich ; 
Boulder, possibly of Silurian age. lUus. — Burmeister 
(1846; p. 6£ ; pi. II., f. II), a copy of which is given in 
our Fig. 3 above. 

b. Lateral lobes of glabella confluent : 

SelenopeltiSi Corda. 1847. Type, S. buchi, Barrande ; Or- 
dovician. Illus. — Barrande (1852, p 716; pi. 37; fig. 25), 
a copy of which is given in Fig. 4 above. 

a. Species having occipital ring with two divergent spines. 

a. Occipital spines with their bases separate ; glabellar lobes 
distinct : 
Ceratocephala, Warder, 1838. Type, C. goniata, Warder; 
Niagara. Illus. — Warder (1838, p. 377), and as A. danai. 
Hall (1878, pi. XXI., f. 8-9), copy of Hall's Fig. 8 given 
in our Fig. 6 above. 
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b. Occipital spines with their bases united to form a bifid pos- 
terior process ; lateral glabellar lobes coalescent ; derived 
from Ceratocephala. 
DicranaruSy Conrad, 1841. Type, D« hamatus, Conrad; 
Lower Helderberg, Paleo-Devonic. Illus. — Clarke (1891a, 
pi. I., f. 5-6), a copy of Fig. 6 being given in our Fig. 7 
above. 

3« Occipital ring with a single median spine and often one or 
more shorter lateral spines. 
AcidaspiSy Murchison, 1839. Type, A. brightii, Murch ; 
Wenlock. Illus. — Salter (1848, pi. IX., f. 6), copy of which 
is given in our P'ig. 8 above. 

4. Ancyropyge, Clarke, i89i,based upon a pygidium with short, 
bullate axis, and twelve long, curved spines, is from the 
Hamilton group of Michigan. Illus. — Clarke (1891 , pi. II., 

f. 3-4). 

This family, usually so poorly represented in American faunas, 
appears in the collections from the Niagaran limestone (427-Al) 
of St. Clair spring, with seven species, of which number two are 
already known from faunas of equivalent age in the Mississippi 
valley, one other is a characteristic Wenlock fossil of England, and 
the remaining four are new to science. The list is as follows : 
Odontopleura ortoni, Foerste ; Odontopleura arkansana, sp. nov.; 
Ceratocephala goniata, Warder; Ceratocephala nodulata sp. 
NOV.; Ceratocephala coalescens, sp. nov.; Acidaspis obsoleta, 
SP. NOV. ; Acidaspis quinquespinosay Salter. 

Odontopleura ortoni, Foerste, 1887. 

(Plate Figure i.) 

1885, Acidaspis sp , Foerste (Bull. Denison Univ., Vol. I., p. loi ; pi. XIII., f. 

23)- 

1887, Acidaspis ortoni, Foerste (Bull. Denison Univ., Vol. II., p. 90; pi. VIII., 

f. I). 

1893, Acidaspis ortoni, Foerste (Geol. Survey Ohio, Vol. VII., p. 522; pi. 25, f. 
23; pi. 27, f. I. [G>pies of earlier figures.]). 

1891, Odontopleura ortoni, Clarke (Tenth Ann. Kept. N. V. St. Geol., p. 71). 

An imperfect cephalon and a poorly preserved cranidium of this 
species are in the collections from the limestone, 427-A', at St. 
Clair spring. These specimens exhibit no departure from the char- 
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acters of Acidaspis ortoni as described and illustrated by Foerste 
in his 1887 and 1893 papers. 

This species may be readily recognized by the presence of the 
anterior pair of lateral glabellar lobes, as figured by Foerste (1887, 
pi. VIII., f. I ; copy of same figure, 1893. pi. XXVII., f. i). The 
presence of these lobes, together with the broad base of the central 
lobe of the glabella, and other differences of proportions, serve to 
distinguish this species from the associated Odontopleura arkan- 

SANA. 

Observations. — Odontopleura ortoni is recorded by Foerste 
(1893, p. 522) from the Clinton rock at Brown's quarry. New Car- 
lisle ; and from the '• Orthoceras block " from the base of the Clin- 
ton in Huff"man*s quarry, near Dayton, Ohio. Foerste cites the 
species as occurring also in the *' siliceous Clinton near Lockport, 
N. Y.," judging from specimens in the cabinet of Dr. E. N. S. 
Ringueberg. 

Tornquist (1884, p. 28; pi. I , ^^, 24) describes and figures a 
species of Odontopleura under name Acidaspis evoluta from 
the Leptaenakalk [Ordovicic] of Gullerasen, Sweden, which is 
probably specifically identical with O. ortoni. This is of interest 
when considered in connection with the fact that certain other 
species of the St. Clair fauna have their nearest relatives in upper 
Ordovicic faunas of northern Europe and Great Britain. 

Odontopleura arkansana, sp. nov. 

(Plate Figure 2; Text Figure 9.) 

Like most of the other species of the family Acidaspidae, this 
one is known by its cranidium only. 

Cranidium broadly elliptical, length 5.25 mm., breadth 5.00 mm. ; 
surface convex, anterior slope steep; highest point at posterior 
quarter of central glabellar lobe ; low over the occipital region. 

Glabella tumid, trapezoidal in outline; length, 4 mm.; basal 
breadth 3 mm., equal to three fourths the length ; frontal breadth 
equal to one-half the length ; transverve section a broad low arch ; 
strongly lobate. Central lobe obovate, protuberant; broadly 
rounded anteriorly, with frontal lateral expansions slightly devel- 
oped ; restricted in front of median lateral lobes ; swollen just be- 
hind these same lobes, and narrowed at posterior end where the 
width equals three-fifths the frontal width. 
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First pair of lateral lobes and first pair of furrows absent. 
Second or median lobes rounded, well marked, entirely coalescent 
with the central lobe; extremities projecting laterally beyond the 
lateral frontal expansions of the central lobe. Posterior lobes 

Fig. 9. Odontoplenia krluuiMDa, sp. nov. Cranidium 
minas fixed cheeks. Enlarged 5 diameters. 

F[G. 10. CeratocepluU ai>daUta, sp. nov. See page 
4^ Cnuiidium with buses of occipital spines. Enlarged 
5 diameters. 

Fig. II. Caiatocepliili coaleicans, sp. nov. See 

page 4S. Central position of cranidlum showing deep]]' 
impressed false furrows and coalesced lateral glabellar lobes 
Enlarged about 5 diameters. 

large, elliptical, oblique, three times the size 
of the median lobes, their length equal to the 
breadth of the base of the central lobe from 
which they are well separated. False furrows 
interrupted. Second pair of lateral furrows 
are deep at their outer extremities, directed 
obliquely inwards, and disappear rapidly ; not 
being united with the third pair of furrows 
by false furrows, the median lobes are not 
cut off from the central lobe. Third furrows 
curve obliquely backwards, are broad and 
deep, and entirely cut off the posterior lateral 
lobes. 

Axial furrows broad, deep anteriorly, but 
at the anterior ends of the posterior lobes 
they are shallow, so that these lobes appear to be coalescent with 
the cheek lobes. 

Cheek lobes narrow, in the form of curved ridges, the anterior 
ends of which begin at the frontal expansions of the central lobe 
but from which latter they are separated by the anterior arms of 
the false furrows, and the posterior terminations of which are in a 
line with the posterior end of the glabella. The crest of the cheek 
lobe is ornamented with a line of mucronate tubercles which at 
about its mid-length bifurcates, sending off a shorter inner line 
toward the posterior lateral lobes. Ocular ridge, and free cheeks, 
unknown. 

Occipital furrow broad and deep over the central lobe, with a 
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convex posterior curve ; lateral extensions directed obliquely 
backwards to the posterior margin. Occipital ring broadly lunate, 
depressed, lowly arched and produced posteriorly, with a small 
mucronate tubercle at its center. The entire posterior margin of 
the occipital ring is turned downwards and under, as if to engage 
with an articulating ridge on the first thoracic segment. 

Locality. — Not uncommon in the Siluric limestone (427-Al) 
at St. Clair spring near Batesville, Arkansas. 

Observations. — Odontopleura akkansana may be readily dis- 
tinguished from its associated O. ortoni, Foerste, by the different 
form of the central glabellar lobe, which in our species is narrower 
at the base than at the front ; the opposite being the case in 
Foerste's species. In our species the first lateral glabellar lobes 
are wanting ; while in O. ortoni they show plainly, as illustrated 
by Foerste (1893, pi. XX VII., fig. I), and as shown on the speci- 
mens Irom the Arkansa 1 limestone. Another point of difference 
is found in the median lateral lobes of our species being joined to 
the central lobe ; while in O. ortoni these lobes are quite distinctly 
circumscribed by the second, third, and false furrows. 

Ceratocephala goniatay Warder, 1838 (depauperata). 

(Plate Figures 3, 3a.) 

1838, Ceratocephala goniata, Warder (Amer. Jour. Sci. and Arts, Vol. XXXIV., 
p. 377. figure). 

189 1, Ceratocephala goniata, Clarke (Tenth Rept. New York State Geol., p. 67 ; 
pi. I., fig. I). 

1865, Acidaspis ida, Winchell and Marcy (Memoirs Bos. Soc. Nat. Hist., Vol. 
I., No. I, p. 106; pi. III., fig. 13). 

1862, Acidaspis danai. Hall (Catalogue of fossils in Geology of Wisconsin, Vol. 
I., p. 423). 

1867, Acidaspis danai, Hall (20th Ann. Rept. N. Y. State Museum, p. 333, pi. 
21 (12), fig. 8-9). 

1868, Acidaspis danai. Hall (20th Ann. Rept. N. Y. State Museum, Rev. Edit., 
p. 423, pi. XXI., fig. 8-9). 

190 1, No. 54 — Acidaspis danai, Williams (Geol. Survey Arkansas, Annual Rept. 
for 1892, p. 288, list). 

This species is represented by a single example, an almost com- 
plete cephalon of minute size. It has, in spite of its diminutive 
size, all the characters of an adult, and I have considered it as a 
depauperate individual of Warder's species. Our specimen lacks 
the long occipital spines and the genal spines, the broken stumps 
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of which are in evidence. The free cheeks are present in good 
state of preservation, and it is possible now, for the first time, to 
give a detailed description of the cephalon of this trilobite. 

Cephalon short, transversely elliptical, almost twice as wide as 
long ; very tumid, being evenly rounded over the cranidial surface, 
with the free cheeks sloping away steeply from the ocular ridge. 
Surface tuberculate. 

Glabella trapezoidal, its length equal to seven-ninths, and its 
width at the posterior lateral lobes to one-half, that of the glabella. 
Surface depressed convex; anterior slope steep; lateral slopes 
gentle, coincident with those of the cheeks through obsolescence 
of the axial furrows. Central lobe well marked, elongate-ovate, 
slightly restricted at the second furrows ; its length that of the 
glabella; its basal width one-half and its anterior width three- 
eighths that of glabella ; anterior rounded, protuberant; posterior 
gently rounded. Frontal lateral expansions small and depressed, 
directed obliquely forward to the anterior margin whence they turn 
and coalesce with the ocular ridges. Anterior lateral lobes indi- 
cated by mere dots in the depressions behind the frontal expan- 
sions. Median lobes small, one-half the size of the posterior ', 
tumid, not quite isolated from the central lobe ; obovate with apices 
directed obliquely backwards toward the median line. Posterior 
lobes ovate, distinct from central . lobe, tumid posteriorly; apices, 
which are directed obliquely outward, coalescent with the cheek 
lobes; surfaces depressed below that of central lobe. Glabellar 
furrows : first pair scarcely distinguishable ; second and third pairs 
short, deeply impressed, directed obliquely forward. 

Axial furrows indistinct, following a slightly convex course; 
weakest around the lateral glabellar lobes, more strongly impressed 
at junction with occipital furrow. False furrows broad, strong, 
quite effectually bounding the central lobe, and continued over the 
occipital ring. 

Fixed cheeks as wide as the free cheeks, being one- half as wide 
as the glabella. Genal lobes, occupying entire surface of fixed 
cheeks, pyriform, curved ; anteriorly narrow and depressed, and not 
quite coincident with the anterior lateral lobes ; posteriorly tumid, 
and po.st-tuberant over the occipital furrow. Ocular ridge narrow 
anteriorly, straight, rising slightly to the eye lobes which are small, 
slightly elevated, and situated opposite the median furrows at mid- 
length of glabella and at six-sevenths the glabellar length from the 
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median line. Palpebral furrow narrow, impressed. The ocular 
rid^^e is indistinctly continued posteriorly from the eye lobe toward 
the posterior margin, where it becomes stronger and unites with 
the base of the genal spine. 

Free cheeks lunate, widest at eyes, sloping steeply and slightly 
concave. The lateral margin of the free cheek has a broad out- 
ward and downward curve to opposite the eyes whence it curves 
upward and inward to the genal angle which is slightly mediad of 
the line of the eyes. The genal angles seem to have been armed 
with slender spines, the bases of which are seen to spring upward 
and outward. The margin of the cephalon is thickened, and slightly 
raised, and there are no evidences of spines on the lateral portions. 
Facial suture not distinguishable. 

Occipital furrow broad and deep over both central and lateral 
portions of the glabella; on the cheeks disappearing under the 
genal spines. Occipital ring slightly wider than the glabella, con- 
vex and broad over the central lobe, lower and narrower over the 
lateral portions; provided with a median tubercle, and two spines, 
the bases only of which are seen on our specimen. 

Entire surface strongly tuberculate. 

Measurements of the Specimen Illustrated by Plate Figures 3, 3a. 

Cephalon, length 4.5 mm. 

** width at mid-length .' 8.0 " 

" height of central lobe above lateral margins 4.5 ** 

*' width of intrasutural front margin 3.0 " 

Glabella, length 3.5 " 

** width at third lobes 4.0 ** 

** width of central lobe at second lobes 2.0 ** 

Distance between the eyes, situated at mid-length of cephalon 6.0 " 

Locality. — A single specimen has been found in the Siluric lime- 
stone, 427-Aly at St. Clair spring, Independence County, Arkansas. 

O :)servdtions. — This species has been obtained only from rocks 
of Niagara age in this country. Warder's original came from 
Springfield, Ohio. VVinchell and Marcy*s Acidaspis ida was ob- 
tained at Bridgeport, Illinois. 

Ceratocephala nodulata, sp. nov. 

(Plate Figures 4, 4a, 5; and Text Figure 10, page 41.) 

A species of Ceratocephala with the peculiar expression of C. 
(Acidaspis) lalage, Thomson (1857, 206; VI., 1-5), and sugges- 
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tive of the type of structure to which Conrad gave the name Di- 
CRANURUS, is represented in our collections by a few cranidia. The 
species is of interest as it affords an intermediate, Siluric, stage be- 
tween the Ordovicic and Siluric Ceratocephala (as exemphficd by 
C GONiATA Warder ; and C. verneuilli Barrande) and the Paleo- 
devonic form Dicranurus of Conrad. 

Cranidium transverse, broadly semi-elliptical ; length equal to 
two-thirds its breadth. Transverse section at eyes shows a slight 
convexity of the surface in that direction ; a longitudinal section 
shows the anterior slope to be quite steep, while the posterior 
slope is high and almost vertical. Intrasutural portion of anterior 
margin is almost rectilinear ; equal to one-third the width between 
the eyes. Sutural margins are slightly convex. Posterior margin 
convex ; forming three sides of a hexagon. 

Glabella circular ; surface depressed ; nodose. Central lobe ob- 
long, gently arched transversely ; anterior margin truncate, very 
slightly protuberant, sloping steeply forwards. At mid-length the 
width equals one-half the length, and from this point the sides con- 
verge slightly in both directions toward front and back. The an- 
terior lateral expansions of the central lobe are narrow, low, and 
curare slightly forwards. Of the lateral lobes the anterior pair is 
very small and is represented by minute triangular lobes in the de- 
pressions behind the lateral frontal expansions of the central lobe. 
The outer angles of these small anterior lobes are continuous with 
the attenuated anterior ends of the cheek lobes. The median and 
posterior lateral lobes are circular in outline, dome-like, well de- 
marcated at their inner sides, and at their outer sides somewhat 
coalescent with the cheek lobes ; their surfaces elevated not quite so 
high as the central lobe ; the diameter of each of the posterior pair, 
which are the larger, equal to two-thirds the width of the base of 
the central lobe. False furrows deep and broad ; almost rectilinear 
from front to occipital region. Lateral furrows: first pair slight ; 
second pair short, deep at junction with false furrows, diminishing 
rapidly in size toward the axial furrows, directed slightly forwards ; 
third pair deep and broad at junction with false furrows, to which 
they are perpendicular or somewhat oblique, becoming shallow to- 
ward the axial furrows. Axial furrows are shallow, becoming ob- 
solete between the anterior portions of the medial lobes and the 
cheek lobes. 

Cheek lobes narrow, curved, attenuated anteriorly as they ap- 
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proach the small anterior pair of lateral glabellar lobes with which 
they are united : surface tumid ; elevated not quite to the level of 
the lateral glabellar lobes; terminating posteriorly in rounded 
lobes somewhat anterior to the base of the glabella. Ocular ridges 
directed obliquely forwards from the lateral frontal expansions of 
the central glabellar lobe as far as the points where the facial su- 
tures cut the anterior margin ; from these points the ocular ridges 
diminish in size and are continued as narrow but well marked, 
slightly curved ridges to the eyes, which latter are situated slightly 
in advance of the base of the glabella and at almost the glabellar 
length from the false furrows. The inner margins of the ocular 
ridges are, from the eyes forward, bounded by shallow furrows, 
the '< palpebral furrows" of Etheridge and Mitchell, which are con- 
tinuous anteriorly with the first pair of lateral glabellar furrows. 
The palpebral lobes are elongated, somewhat elevated ; their sum- 
mits are however broken so that their height and the characters of 
the eyes cannot be determined. Free cheeks unknown. 

Facial suture, which is apparently not soldered, cuts the front 
margin of the cephalon at very acute angles, and curves slightly 
outward and backward to the eye, thence downwctrd and obliquely 
outward over the vertical posterior slope of the fixed cheeks. 

Occipital region of the cranidium is peculiarly developed. The 
occipital ring and furrow are much modified, being scarcely recog- 
nizable as such. The median portion consists of a prolongation, 
at a slightly lower level, of the central lobe of the glabella to form 
a bispinous process. The cylindrical spines are at least as long 
as the cranidium, divergent, and apparently curved downward at 
their extremities. Below the plane of the bases of the spines the 
surface of this median portion is continued for a short distance 
directly downward to form an imperfect articulating ring for at- 
tachment to the first thoracic segment. From this median portion 
there extend on each side obliquely forward to the bases of the 
cheek lobes, or to points about midway to the sutures, vertical 
plates which have the appearance of buttresses to support the 
weight of the spiny median process. The upper edges of these 
plates are shown in Fig. 5 of our plates. The outer portions of 
the posterior slopes of the cranidiun are almost vertical, with thick- 
ened lower edges. These buttress plates are probably modifications 
of the lateral lobes of the occipital ring. 

The surface of the cranidium is minutely granulate, and besides 
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this coarse tubercles or nodes are placed as follows: Occipital 
region — one on the median line, just anterior to the bases of the 
spines ; central lobe of the glabella — one large knob on the pos- 
terior half, and a few smaller knobs scattered irregularly over the 
surface ; lateral lobes — one large tubercle on the summit of each 
of the median and posterior lobes; cheek lobes — three small, 
mucronate tubercles on each lobe, placed quite regularly at the 
an terior, median, and posterior points; ocular ridges — two small 
mucronate tubercles on each ridge. 

Measurements in Milumeters of the Two Specimens Figured. 

Fig. 4. Fig. 5. 

Length of cranidium, exclusive of spines 5.00 4.50 

Width of cranidium at eyes 7.25 

Length of glabella 4.50 3.50 

Width at mid-length, between axial furrows 5.00 4.75 

Width at mid-length of central lobe of glabella 2.00 2.00 

Width at base, of central lobe of glabella 1.50 1.50 

Width at front, of central lobe of glabella 1.50 1. 51 

Location. — Not common in the Siluric limestone, 4a7-Al, at St. 
Clair spring. Independence County, Arkansas. 

Observations. — This species, as has already been remarked, re- 
sembles somewhat closely Acidaspis lalage, Thomson (1857, 
206 ; VI., 1-5) from the Upper Bala rocks of Ayrshire, southern 
Scotland ; the horizon of which is about that of our American 
Lorraine and Richmond beds of the Ordovicic. Our species dif- 
fers from A. LALAGE, of which we have before us the published 
figures only, in the incipient coalescence of the lateral lobes with 
the cheek lobes ; the presence of the tubercles on the surface; and 
in the more pronounced posterior extension of the occipital por- 
tion of the cranidium. Continuation of the particular line of 
variation which had separated the Niagaran Ceratocephala nodu- 
LATA from the Ordovicic C. (Acidaspis) lalage finally produced 
the tyne of structure seen in the Paleodevonic form Dicranurus 
HAMATUS, 'Conrad, an outline figure of which is given on page 37, 
Fig. 7. The same type is seen also in Acidaspis monstrosa, Bar- 
rande, from an equivalent Paleodevonic horizon, 6tage G, of Bo- 
hemia. Dicranurus hamatus diflfers from our C. nodulata in 
little besides the accentuation of the coalescence of the glabellar 
lobes and the greater posterior prolongation of the occipital region 
with a necessary development of stronger buttresses for the sup- 
port of the heavier spines. 
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Ceratocephala nodulata, though placed by us in the group 
Ceratocephala, might with propriety be included under Dicra- 
NURUS, for it represents without doubt an earlier well-marked 
phylogenetic stage of the latter strain. 

Among certain races of trilobites species from successively 
higher geological horizons have been demonstrated to exhibit, in 
increasingly marked degree, coalescence of the glabellar lobes. 
Such mode of evolution has been described for the PHACOPiDiE by 
Clarke (1897, 732-734, and 19CX), 17-19); and a somewhat. similar 
line of development has been shown to occur among some mem- 
bers of the family CHEiKURiDiE by Schmidt (1881, 1 19-190) and 
for the same family in greater detail by Reed (1896a and 1898a). 
Now the facts above noted indicate that the same increase of de- 
gree of coalescence of the glabellar lobes may be considered as 
expressive of more advanced phylogenetic rank among members 

of the AciDASPlDiE. 

The development of lateral lobes of the occipital ring, as seen 
in its incipiency m C. nodulata and in its fullest expression in 
DiCKANURUS HAMATUS, to form buttresses for support of the in- 
creased weight of the more extravagantly developed occipital 
spines, affords an interesting example of kinetogenesis under 
strain. 

Ceratocephala coalescens^ sp. nov. 

(Plate Figure 6; Text Figure ii, page 41.) 

This species is represented by a few fragmentary cranidia, show- 
ing glabella, occipital ring with spines, and portions of the fixed 
cheeks, l^ike C. nodulata, described above, this species is re- 
lated to C. LALAGE, Thomson, of the Scottish Ordovician. 

Glabella circular, tumid anteriorly. Central lobe oblong, width 
at mid-length equal to one-half its length; anterior portion 
rounded in front, expanded laterally so that the frontal width 
equals two-thirds the length ; just behind the frontal expansions a 
trifle narrower than at mid-length; and at base as broad as at 
mid-length ; strongly arched transversely, frontal slope steep ; gen- 
eral surface elevated above that of lateral lobes. Anterior lateral 
lobes absent. Medial and posterior pairs both somewhat elongated 
longitudinally and quite coalescent, especially along their outer 
slopes: thus forming an elongate reniform ridge, the length of 
which equals five-sixths the length of the central lobe. First pair 
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of glabellar furrows absent. Second pair coincident with the 
convergent anterior arms of the false furrows just behind the lat- 
eral frontal expansions of the central lobe. Third pair indicated 
by a pair of pits in the false furrows at mid-length of the central 
lobe, and by scarcely apparent sinuses extending from these pits 
anteriorly outwards across the lateral lobes. False furrows well 
marked, impressed, convergent behind the lateral frontal expan- 
sions of the central lobe, then directed backwards with a slight 
separation at mid-length of glabella. 

Axial furrows shallow, narrow, but well marked ; curving around 
the coalescent lateral lobes and separating these from the cheek 
lobes. Fixed cheeks tumid, narrow anteriorly, broader posteriorly. 

Occipital furrow broad and shallow. Occipital ring narrow, low, 
broader than central lobe of glabella, with two divergent spines of 
which the basal portions only remain. 

Surface apparently smooth. 

Dimensions in Millimeters. 

Length of cranidium, less spines. 3.75 

Width of cranidium 3.00 

Length of glabella 3.00 

Width of glabella at mid-length 3.00 

Central lobe, frontal width 2.00 

mid-length width 1.75 

basal width 1.50 

Length of coalesced lateral lobes 2.50 

Locality. — Rare in the Siluric limestone (427-Al) ; St. Clair 
spring, Arkansas. 

Observations. — This species closely resembles C. (Acidaspis) 
LALAGE, Thomson ; differing from it, so far as can be determined 
from comparison with the published figures, in the coalescence of 
the lateral glabellar lobes. Our species is probably a direct de- 
scendant from C. LALAGE, which was described from the upper 
Ordovician beds of southern Scotland. 

From Ceratocephala nodulata the present species differs in 
the absence of the tubercles from the surface ; the less pronounced 
posterior extension of the occipital region, and in the more tumid 
appearance of the front of the central glabellar lobe. The material 
in hand is, however, of such fragmentary nature as not to permit 
of any detailed comparison with other species ; although there are 
displayed sufficiently marked characters to show its distinction as 
a new form. 

VOL. XXllI.— 4. 
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Acidaspis quinquespinosa, Salter-Lake, 1896. 

(Plate Figures 7, 8; Text Figure 12.) 

Acidaspis quinquespinosa, Salter, MS. 

1854, Acidaspis quinquespinosus, Fletcher and Salter (in Morris' ** Catalogue of 
British Fossils/' 2d ed., p. 99). 

1873, Acidaspis quinquespinosa, Salter ("Cat. Cambr. and Sil. Fossils," p. 134). 

1896, Acidaspis quinquespinosa, Lake (Quar. Jour. Geol. Soc. London, Vol. LII., 
p. 240, pi. VIL, figs. 3-4). 

A single specimen of this species from the English Wenlock has 
been found in the limestone of Niagaran age (427-Al) at St. Clair 

spring. This specimen shows the glabella, 

occipitair egion, and part of the fixed and 

free cheeks of the right side of the cephalon. 

The characters of these parts, which, though 

fragmentary, are well preserved, are identical 

with those of Salter's species as described 

and figured by Lake ; and as shown on two 

fine specimens from the Wenlock limestone 

of Dudley, which are in a collection received 

Fig. 12. Acidaspis ^^.^^ ^j^^ Woodwardian Museum of Cam- 

qninquespliiosA, Salter- 

Lake. Arkansan-crani- bridge, England. Our specimen is about 

dium. Enlarged 1% di- two-thirds the size of the Engh.'^h specimens 
ameters. and has the median occipital spine some- 

what more strongly developed. Also the 
depression of. the surface, which depression corresponds to the 
occipital furrow, is not so strongly marked in the Arkansan 
specimen. These points of difference are based on comparison of 
the Arkansan and English specimens themselves and not on com- 
parison with the figure of the cephalon published in illustration of 
Lake's paper. This figure (4 of pi. VII.) varies in many minor 
details from the English specimen before us, and we are led to 
think that the artist's personal equation has entered too largely 
into the composition of the drawing. We reproduce here that 
part of Lake's description referring to the cephalon. 

"Head short, broad, nearly straight in front; surface tubercu- 
late. Glabella triangular, occupying at the base about one third 
the width of the head ; three pairs of lateral lobes separated one 
from another by lateral furrows but not cut off from the median 
part of the glabella. The facial suture, represented by a raised 
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ridge, runs in a straight line from the anterior margin to the eye 
and thence in a sigmoid curve to the genal angle. Eyes small, 
set somewhat behind the middle of the cheeks; a straight ocular 
ridge runs from each to the anterior corner of the glabella. Fixed 
cheeks broad, the portion between the ocular ridge and the gla- 
bella tumid. Free cheeks with a raised margin, which bears a row 
of short spines ; produced at the genal angle into a short curved 
spine. Axial part of occipital ring broad, bearing on its posterior 
margin five small spines ; the posterior margins of the cheek each 
bear two spines, exclusive of that at the genal angle. * * * 
Horizon and locality: Wenlock limestone: Dudley. It is on the 
authority of specimens in the Woodwardian Museum, referred to in 
Salter's " Catalogue,'' that the name is applied to the species here 
described." 

Locality: Rare in the Niagaran limestone, 427-Alj 2it St. Clair 
spring, Arkansas. 

Observations : We reproduce on our plates, figure 8, a pho- 
tograph of one of the English specimens. No. 2 of the collection 
received from the Woodwardian Museum, for comparison with the 
Arkansan specimen shown in figure 7. 

Acidaspis obsoleta, sp. nov. 

(PiATE Figures 9, 10; Text Fkiurks 13, 14.) 

A species congeneric with Acidaspis brighti, Murchison, 
though not closely related to that form. 

Cephalon broad, twice as wide as long ; surface convex, most 
elevated at the spinose posterior extremity of the glabella. 
Lateral slopes almost vertical. 

Glabella convex, occupying the 
middle third of the cephalon ; pen- 
tagonal in outline, three-fifths as 
wide as long ; widest at line passing 
through the eyes; protuberant at 

middle point; much proU^nged 

. \ . , Acidaspis obsoleta, sp. nov. 

posteriorly to form a strong round y^^ ,3 ^op view of cephalon; 

spine, from the base of which the Fig. 14. Lateral view. Enlarged 

general surface slopes laterally and 2 diameters. 

anteriorly. Lobation obsolete ; the 

three pairs of posteriorly directed lateral furrows being scarcely 
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distinguishable on the outer surface of the test. No traces of false 
furrows are to be seen. Occipital ring present, in modified form, 
as a rounded ridge on each side of the posterior spine. This spine 
is, in this species, not strictly an occipital spine, as it is formed by 
the union of the posterior elongation of the glabella with the 
occipital ring. 

Dorsal furrows broad and shallow, almost straight from front to 
rear. Ocular ridges small, slightly concave at their anterior ends, 
strongest near the eyes. Eyes small, slightly elevated ; placed a 
short distance posterior to the mid-Jength of the cephalon ; sepa- 
rated from each other by a distance as great as the cephalon is 
long. 

Free cheeks very broad, tumid ; lateral slopes very steep 
because of their pronounced downward extension. The outer 
margin of the free cheek curves from the frontal portion, outward, 
downward and backward, and at a point somewhat anterior to the 
eye changes its course to slightly inward and upward toward the 
genal angle. The posterior margin of the cheek, which is thick- 
ened and grooved, is directed somewhat posteriorly to form with 
the lateral margin a right angle. The genal angle is armed with 
a slender spine as long as the cephalon, which curves sharply 
upward and outward, and the extremities of which are sh'ghtly 
depressed. The anterior margin of the cephalon is thickened by 
a rounded ridge, and along the lateral portion is a row of eight 
or nine long cylindrical spines. 

Pygidium unknown. 

Measurements of the Cephalon Illustrated by Pl-\te Figure 9. 

Cephalon, length, 6.0 mm. 

width at mid-length Ii.omm. 

' width at genal angles 9.0 mm. 

Glabella, width at line of eyes 3.5 mm. 

Locality. — Rare in the Siluric limestone, 427-Al, at St. Clair 
spring. Independence County, Arkansas. 

Observations. — This species, though congeneric with Acidaspis 
BRiGHTi of Murchison. differs widely from it in the character of the 
glabellar lobation and the form of the free cheeks. I have been 
unable to find figures of a species to which ours is closely related. 
The marked tendency toward obsolescence of the glabellar fur- 
rows is peculiar. 
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AMPYCID^. 
Ampjrz niagarensis, sp. nov. 

(Plate Figures ii, iia; and Text Figure 15.) 

The cranidium alone of this species has been found ; the free 
cheeks, thorax, and pygidium not having been observed. 

Cranidium triangular, 1.75 mm. long by 4 mm. wide, with the 
posterior border slightly incurved ; convex. Glabella elongate- 
ovate, 2.75 mm. long, greatest width (1.5 mm.) at 
mid-length, narrowing from that point posteriorly 
to a width of 0.5 mm. at the occipital ring ; anterior 
portion projecting by one-half its length over the 
limbus; apex rounded, armed with a slender cylin- 
drical spine that springs suddenly from the frontal Fig. 15. Am- 
extremity; posterior half somewhat gibbous, with py^ n**g*"n"i«i 

./.,.. , , , . 1 11 SP. NOV. Crani- 

two pairs of indistmct rounded knobs placed close jj^^ . enlarced 
to the median line just anterior to the occipital fur- about 7 diameters, 
row. Occipital furrow very slight, straight. Oc- 
cipital ring low, narrow, indistinct. Cheeks triangular, 1.75 mm* 
wide, lateral margins with a slight outward curvature, surf-ices 
slightly tumid. 

Locality. — Rare in the limestone (427-Al) at St. Clair springy 
near Batesville, Arkansas. Because of its small size this species is 
with great difficulty distinguished in the crystalline limestone from 
this locality. When only partly uncovered the individuals are 
easily mistaken for Ostracods, with which certain portions of the 
limestone are crowded 

Observations. — This species closely resembles Ampyx parvulus, 
Forbes, 1848 (Phillips-Salter, 1848, p. 332; pi. X.), from the 
" greenish gray mudstone of the Lower Ludlow rocks, Vinnal 
Hill, Ludlow," England ; differing from it in the longer and nar- 
rower glabella pnd less tumid cheeks. Ampyx parvllus Forbes is 
listed by Etheridge (1888, p. 40) as from the Caradoc Bala, and 
the Wenlock shale. 

Ampyx niagarensis is the first Ampyx to be recorded from the 
Siluric horizons of North America. The genus is with few excep- 
tions confined to the rocks of the Ordovicic, in the upper horizons 
of which system the majority of the European species occur. In 
North America the six known species are all from the lower Ordo- 
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vicic, none of the species having been found from a horizon higher 
than the Trenton limestone. From all the published figures of the 
American Species Ampyx niagarensis differs in the anterior por- 
tion of the glabella being much more produced over the limbus. 

Ampyx BouAULTi Barrande (1852, p. 638; pi. 30, figs. 17-23), 
from etage E, of the Bohemian Siluric, is a close ally of both A. 
MiAGAREXSis and A. parvulus, Forbes, and differs from both these 
in the broader glabella, less produced anteriorly. 

PRQETID^. 
Prcetus corrogatas, sp. nov. 

(Plate Figures 11-15 ; *''i' Text Figures 16, 17.) 
This species is represented by several cranidia and pygidfa, the 
characters of which are so peculiar as to constitute specific dis- 
tinction. 

Figs. 16-17. Prffltut cormgatu), sp. nov. 
Cranidium and pyg idium. 

Fig, 16, entailed 3 dianieters. 
Fig. 17, enlai^ed 4;^ diamelers. 
Fig. 18. Prcetui lubannulAtu*, sp, nov. See 
page 57. Pygidium ; enlarged ^ diameters. 

Glabella oblong, occupying three-quar- 
ters the length of the cranidium, slightly 
longer than broad ; lateral margins al- 
most straight and parallel ; front margin 
tj semicircular. Surface depressed convex, 

slightly keeled along the median line; 
highest at its posterior end; sloping 
gently to the sides and more gently to 
the front, with its margin sharply 
bounded by a slight but steep declivity 
to the axial furrows. No traces what- 
ever can be distinguished of cither 
lateral furrows or basal lobes on the 
glabella. 

That portion of the cranidium anterior 
to the glabella and constituting theintra- 
sutural portion of the limbus is broad and 
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low; its width along the median line, 3.75 mm., is equal to five-ninths 
the length of the glabella; its breadth along a line passing just behind 
the front of the glabella is 11 mm., almost twice the width of the 
glabella. The two elements composing the limbus are well marked : 
the inner element, groove or " rainure " of Barrande, forms about 
three-fifths the width of the limbus at the median line and broadens 
considerably to where it is traversed by the facial suture. Its 
inner slope is somewhat convex and separated from the frontal 
slope of the glabella by a narrow steep acclivity which constitutes 
the united anterior arms of the dorsal furrows. The outer slope 
of the '• rainure " is narrower and much deeper than the inner 
slope and curves rather abruptly over into the flat marginal rim 
which has a low, narrow, upturned border. 

Occipital furrow shallow, not well marked ; anterior slope steep, 
posterior slope gentle and coincident with the anteriorly sloping 
surface of the occipital ring ; middle third rectangular to the me- 
dian line ; lateral thirds direct slightly forwards. 

Occipital ring somewhat broader than the base of the glabella ; 
ribbon- like; arched transversely with the same broad, low curve as 
that possessed by the base of the glabella, towards which it slopes, 
and from which its surface is separated by the slight, steep declivity 
that corresponds to the anterior slope of the occipital furrow. 

Dorsal furrows shallow but well marked, of the same depth and 
width throughout their course ; quite parallel for three-fifths the 
length of the glabella, around the front of which they are united in 
a semicircular curve. 

The anterior arms of the facial suture follow almost a semicircu- 
lar, outward curve from the anterior margin of the cranidium to 
the dorsal furrows which they intersect at points two-fifths the 
length of the glabella from its front. Eyes and cheeks are un- 
known. 

Surface of cranidium ornamented with fine, raised, anastomosing 
lines, which are irregular!) transverse to the median line, except 
near the front where they follow in a general way the curvature of 
the anterior margin of the cephalon. 

Measurements are here given of the cranidium illustrated by fig- 
ure 12 of plates; (Spec. No. 5275, University of Chicago, Dept. 
of Geology), and text figure 16. 

Length of cranidium 12.00 mm. 

Length of glabella 6.75 mm. 
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Breadth at base of glabella 6.00 mm. 

Width of occipital ring 1.50 mm. 

Width of limbus at median line 3.75 mm. 

Breadth of intrasutural portion of limbus Ii.oomm. 

Pygidium. — Two forms of Proetid pygidia are found in the col- 
lections from the Siluric limestone, 427-Al, from St. Clair spring. 
They somewhat closely resemble each other. One of them has 
been considered the pygidium of Proetus corrugatus, because of 
its having the surface ornamented by the same peculiar, raised, 
anastomosing lines; while the other form, with a smooth surface, 
has been considered to belong to a new species, Proetus subannu- 
latus described below, of which the cranidium is still unknown. 

Pygidium broadly semicircular in outline; anterior margin curv- 
ing slightly forwards ; antero-lateral angles rounded; posterior mar- 
gin broadly rounded. Pleural portions flat. Axis very convex ; 
rising as a semicone from above the flattened pleural portions ; an- 
terior width equal to about one-third the width of pygidium ; length 
almost three-quarters that of the pygidium ; sides straight, con- 
verging so that at two-thirds its length its width is three-fourths 
that at the anterior margin ; posterior extremity bluntly rounded. 
Axis with six annulations, the anterior of which is strongly marked, 
rounded and simple; the others being flat, indistinct and recurved 
posteriorly along the median line. The pleural portions are quite 
flat and low, with four broad, simple, low ribs that curve posteriorly 
to the simple flat margin where they become obsolete. The entire 
surface is ornamented by the same delicate raised, anastomosing 
lines, about 15 to one millimeter, seen on the cranidium, and which 
constitute the most important diagnostic feature of this species. 

Measl'rements of the Spkcimbn Illustrated by Plate Figure 14. 

Width 6.50mm. Axis, width , 2.00 mm. 

Length 4.00 mm. Axis, length 2.75 mm. 

One specimen illustrated by plate figure 15, in which a portion 
of the posterior margin of the test has been removed, shows that 
the doublure has in this species a great width, equal to one-third 
the length of the entire pygidium. The doublure was ornamented 
on its underturned surface by strong raised lines with finer lines in 
the interspaces, all arranged somewhat parallel to the margin. 
This feature recalls the striation of the under surface of the doub- 
lure of IlL/'f:nus and Asaphus. 
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Locality. — Not uncommon in the Siluric limestone, 427-Al, 
at St. Clair spring, Arkansas. 

Observations. — The above species differs from all known Amer- 
ican species in the broad form of its glabella, absence of the basal 
lobes, and in the strongly marked surface striations. In respect of 
the surface striations our species resembles Prcetus sculptus, Bar- 
rande (1852, pi. 15; figs. 1-4) from etagi G of the Bohemian 
Paleodevonic, but differs widely from that species in the form of 
the cranidium. 

Proetus subannulatus, sp. nov. 

(Plate Figures 16, 17, and Text Figure 18, page 54.) 
A pygidium which in general form resembles that of Prostus 
CORRUGATUS described above, is represented by a few specimens 
that present certain constant differences such as warrant its separa- 
tion under a distinct specific name. Instead of giving a full de- 
scription of its features it will be sufficient to point out the char- 
acters in which it differs from its close ally Prcetus corrugatus. 

The outline of the pygidium is about the same as in P. corru- 
gatus, but with the posterior extremity somewhat pointed. The 
axis has the same proportions and degree of convexity, but its 
posterior termination is conical instead of round. The annulations, 
seven in number, are of the same form as those of P. corrugatus, 
but are not so well marked. The pleural portions are not so flat, 
having a steeper slope toward the margins ; and the pleural ribs 
are not so strongly marked. Lastly the surface is minutely granu- 
late, with no trace of the raised anastomosing lines that form so 
charicteristic a feature of the other species. 

Locality. — Rare in the Siluric limestone, 427-Al, at St. Clair 
spring, near Batesville, Arkansas. 

« 

Measurements of Specimen Illustrated in Plate Figure 16. 

Length of pygidium 7.50 mm. 

Width of pygidium 12.00 mm. 

Length of axis 4.50 mm. 

Width of axis at anterior margin 4.00 mm. 

LICHAD/E. 
Arges phlyctenoides (Green), 1837, depauperatus. 

(Plate Figures 18, i8a. ) 

1837, Calymene phlyctai nodes, Green (Amer. Jour. Sci., Ser. L, Vol. 32, p. 167). 
1852, Arges phlyctanodes, Hall (Paleont. N. Y., Vol. IL, p. 314, pi. LXX., fig. 
2 a, b, c). 
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1897, Arges phlyctenoides, Clarke (Final Kept. Geol. and Nat. Hist. Survey Min- 
nesota, Vol. III., part II., p. 753). 

1893, Lichas hanoverensis, Miller and Gurley (Bull. Illinois State Mus. Nat. Hist., 
No. 3, p. 78, pi., VIII., f. 6-7). 

? 1893, Lichas bymesanus, Miller and Gurley (Bull. Illinois State Mus. Nat. Hist, 
No. 3, p. 78, pi. VIII., f. 8-9). 

Not Lichas phlyctainotdes (?), Foerstc, 1893 (Geol. Survey Ohio, Vol. VII., pi. 
37A, f. 15). 

Before us are several examples of a species of Arges that agrees 
in all its characters, except that of size, with the descriptions and 
figures of the specimen illustrated by Hall in the second volume 
of the Paleontology of New York. Hall there states (p. 314) that 
in the collection of the Philadelphia Academy of Natural Sciences 
he found a specimen of thiS species " labelled Calymene pldyctanodes 
in the same manner as the other species labelled by Professor 
Green, and * * * presumed it to be the original one described by 
him." In a series of Green's casts of trilobites. in the Museum of 
the Geological Dept. of Columbia University, is a cast, No. 54, 
presumably moulded from Green's original specimen. This cast 
shows the greater portion of the cranidium of a species identical 
both with Hall's specimen and those before us from Arkansas. 
Our examples are from one-third to one-half the size of those fig- 
ured by Hall, Miller and Gurley, and those seen by us from Ohio 
localities, and the above-mentioned cast in the Green series. 

Cephalon extremely convex, deeply furrowed ; frontal portion 
very much elevated, protuberant, projecting far over the frontal 
margin. Posterior portion depressed over the median line an- 
terior to the occipital ring. Outline when viewed from above 
broadly ovate. Surface spinose-tuberculate. Anterior margin 
semicircular. 

Glabella subcircular, very convex ; anterior and lateral slopes 
protuberant. Central lobe obovate, occupying one-third the sur- 
face of the glabella ; broadest at its center, where its diameter is 
one-half its own length, and one-quarter the diameter of the gla- 
bella at the eyes : most protuberant just behind its center; pos- 
terior slope straight, steep, terminating in the depression that 
exists between the median lobes anterior to the occipital ring: 
anterior slope very convex, projecting far over the frontal margin 
of the cephalon. Anterior lateral lobes strong, elongate-ovate, 
oblique to the median line; length a little greater than the diam- 
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eter of the central lobe ; width one-half their length ; circumscribed 
by deep furrows. Median lobes elliptical, elevated ; one-half as 
large as anterior lobes. Posterior lobes small, indistinctly marked ; 
one-third the size of the median lobes, behind the outer ends of 
which they are situated, blocking the occipital furrow. 

Anterior furrows broad, deep, carried directly upward and back- 
ward from the frontal margin, with a slight convex curvature at 
mid-length of the central lobe, terminating in the broad depression 
at the posterior portion of the glabella. Median furrows of equal 
intensity with the anterior pair, curving from the frontal margin 
slightly backward and upward to meet the anterior pair in the de- 
pression. Posterior furrows short, well-marked, confluent with the 
occipital furrow. 

Dorsal furrows deep and broad in a convex curve from the frontal 
margin to the origin of the median furrows, whence they are con- 
tinued in a second, shallower convex curve over the tumid, pos- 
terior portions of the fixed cheeks to the occipital margin. 

Occipital furrow broad and deep over its central portion, bifur- 
cating to form two much smaller grooves the anterior of which 
constitute the posterior pair of lateral glabellar furrows. A some- 
what quadrate depression exists over the posterior portion of the 
glabella into the forward corners of which extend the anterior and 
median furrows, and which is marked posteriorly by the occipital 
furrow. The lateral sides of this depression are slightly bulged 
in by the inner ends of the median lobes. An indistinct ridge 
connecting these lobes across the depression is ornamented by 
three rounded tubercles, which are situated, one medially, and 
one at each end. These tubercles are illustrated in Hall's figure 
and are well developed in all examples of this species in the 
Arkansan collections and also in one from Eaton, Ohio. The 
same nodes are shown in figure 7 of Miller and Gurley's L. 

HANOVERENSIS . 

Occipital ring strongly arched, broad ; slightly wider than the 
central lobe ; elevated, especially along its posterior margin from 
which its surface slopes toward the front. 

Fixed cheeks convex ; narrow anteriorly, much broader posteri- 
ority, where they are quite tumid with very steep slopes. Angles 
not exsert. Anterior limbus semicircular, rather broad, chan- 
neled; with an upturned margin. On Hall's specimen in the 
American Museum of Natural History this margin is seen to be 
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serrated, a feature not mentioned in Hall's description and which 
has not yet been recognized on oar Arkansan examples. 

Eyes small on slightly elevated palpebra ; situated posteriorly, 
opposite the third quarter of the length of the cephalon. 

Surface of test ornamented with tubercles which are strongest 
on the central, anterior, and median lobes, where they are often 
produced into delicate spines. 

Measurements of the Example Illustrated by Plate Figure 18. 

Cranidium, length, as viewed from above II. 00 mm. 

distance of occipital to frontal margin 15.5 mm. 

width between posterior angles 15.5 mm. 

width between sutures at eyes 14.0 ram. 

Glabella, width across median lobes l2.o mm. 

** width across anterior lobes il.o mm. 

" width of central lobe 6.0 mm. 

Occipital ring, width 7.0 mm. 

' Locality. — Not uncommon in the crystalline limestone, 427-Aly 
of the Siluric at St. Clair spring. Independence County, Arkansas. 

Observations. — Arges phlyctenoides is known from several 
localities of the Siluric in the United States, the majority of which 
are in Ohio and Indiana. Green's original specimen came from 
the Niagara limestone near Springfield, Ohio. Hall's specimen, 
now No. 1826 of the Hall Collection of the Amer. Museum of 
Nat. Hist., came from the Niagara shale near Albion, Orleans 
County, New York. This specimen is a well preserved cephalon, 
slightly crushed on the right side of the frontal lobe. 

LiCHAS HANOVERENSis, Miller and Gurley, was derived from the 
Niagara group at Hanover, Indiana. The type of this species is 
now in the Gurley Collection of the Dept. of Geology, University 
of Chicago; and its specific identity with Arges phlyctenoides 
lias been kindly established for me by Professor Stuart Weller, of 
that institution. An imperfect cephalon, from Madison, Indiana, 
showing the central lobe and the anterior and median lobes of the 
right side is No. 3417 of the Dept. of Geology collection at Co- 
lumbia University. Another fragment of the anterior portion of a 
cephalon is in my own collection from the Niagara at Eaton, Ohio. 

Arges phlyctenoides is represented in European faunas by the 
closely allied species Lichas palmatls, Barrande (Syst. Silur., Vol. 
I , pi. XXVIII., figs. 1-13, 45), from etages D [= uppermost 
Ordovicic], and E [= Siluric] of Bohemia. This species, though 
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very close to its American ally, differs from it in the somewhat 
broader form of the glab,:lla at the anterior lobes, in the larger size 
of the posterior lobes, and in the lesser protuberance of the central 
lobe of the glabella over the frontal margin. Lichas palmatus 
is also described and figured by ToRNQursT ([S84, Siljansomradets 
Trilobitfauna.p. 30; pi. I.,f. 26-27} from the Leptaenakalk [= up- 
permost Ordovicic] of Boda, Sweden. Lichas palmatus has a 
more explanate form and apparently represents an earlier phylo- 
genetic stage in that series of which Ahges phlvctenoides is a 
later member. 

Arges arkaasanuB, sp. nov. 

• (Plate Figures 19-11; Text Figure 19.) 

In the collections from the Siluric limestone, 427-AI, at St. 
Clair spring, are several cranidia of a Lichad species that is con- 
generic with Arges wesenbergensis, Schmidt, 
1885 ; and that diflfcrs widely from any species 
of this genus heretofore known in America, 
Cranidium very convex; posferior width 
between facial sutures one-fifth greater than 
length; front subcircular between facial su- 
tures; protuberant. Glabella convex, protu. Fig. 19. Arget at- 
berant anteriorly ; posterior surface somewhat k«ii««niia, sp. nov. 

depressed. Lateral slopes gentle. Central ^""'"^ P't^"^"^ ''^ 
,,,,,„, , . . combining three frag- 

lobe of glabella broadest at anterior margin ments. Entugedadi- 
where its width is nearly the same as that of ^meters, 
the glabella at mid-length; broadly rounded 
and protuberant in front ; narrowed posteriorly to form the median 
third of width at junction of anterior and median lateral fur- 
rows; then coalescing with the inner ends of the median lat- 
eral lobes. Anterior lateral lobes large, irregularly ovate, quite 
convex, with apices directed obliquely backwards; forward ends 
protuberant and hanging over the lateral frontal expansions of the 
central lobe; equaling in length the width of the central lobe at 
mid-length. Median lobes quadrilateral, not well defined, as broad 
and as long as the posterior width of the central lobe, with which 
they are quite coalescent. Posterior lobes form small, indistinctly 
marked triangular nodes which are not well separated from the 
posterior margins of the median lobes of which they appear to 
form posterior prolongations. These lobes are not so readily dis- 
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tinguishable on the outer surface of the test as they are on the in- 
ner surface (plate figure 20a). 

Anterior furrows deep, narrow, following a concave curve for 
five-eighths the length of the glabella when they unite in a sharp 
curve with the median furrows and maintain the same size over an 
obliquely outward course to the axial furrows. Beyond their junc- 
tions with the median furrows the anterior furrows are continued 
over the posterior portion of the glabella as two very distinct shal- 
low sinuses that scarcely serve to demarcate the median lobes from 
the central lobe. The posterior furrows are short, horizontal and 
scarcely marked on the outer surface of the test, although well in- 
dicated on moulds of the inner surface. 

The axial furrows are not quite so strong as the anterfor and 
median furrows, and extend in a reversed sigmoid curve from front 
to back ,-2. e., they are convex from the anterior margin to their 
union with the median furrows, and from these points they follow 
a concave and somewhat shallower course along the outer margins 
of the median and posterior lobes to unite with the occipital furrow. 

The occipital furrow is broad *and deep, straight and horizontal 
over the central portion and on each side curved outwards and 
backwards. 

Fixed cheeks are known slightly from fragments on different 
specimens. One specimen illustrated by plate figure 20, shows ^ 
the palpebral lobes to be large and semicircular with a length 
equal to one-third the length of the glabella ; and with the palpe- 
bra elevated considerably above the surface of the glabella. An- 
other specimen figured on plate figure 21, shows the po.sterior lat- 
eral extensions of the cranidium to be long, somewhat tumid, and 
sloping steeply backwards and outwards. 

Occipital ring broad, almost as wide as the glabella is long, 
gently arched, slightly elevated, nonornamented. 

Surface of the cranidium ornamented by numerous tubercles of 
irregular size and distribution. 

Dimensions of Thrke Specimens. 

Fig. 19. Fig. 2x. Fig. 30. 

Cranidium, length 10.5 8 ? 

" width at base 10 

Glabella, length 8.25 6 7 

width at base 8 6.5 

width frontal lobe at margin 7^5 

Occipital ring, breadth 7 

Distance between palpebra 10.25 
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Locality. — Cephala not uncommon in the crystalline limestone, 
427-Ali at St. Clair spring, near Batesville, Arkansas. 

Observations. — The cephalon of a young individual three mm. in 
length has the lobes of the glabella relatively somewhat longer and 
narrower than they are in the adult, and the anterior portion of 
the central lobe is slightly more protuberant. 

Akges arkansanus is somewhat closely related to Lichas gkavi, 
Fletcher (1850, 237; XXVII., 8: XXVII.,bis.. 3, 3a-b); from the 
Wenlock limestone of Dudley and Malvern, England. It differs 
from that species in the form of the posterior portion of the gla- 
bella. It is unlike any American species of which descriptions 
and figures are available. 

Arges ; species A and B (pygidia). 

(Plate Figures 22, 23.) 

Three specimens, representing two species, of Argediform 
pygidia are among the collections from St. Clair spring. Of these 
the larger and more strongly ribbed form (illustrated by plate 
figure 22) may probably be that of Arges arkansanus ; while the 
smaller (illustrated by plate figure 23) is probably that of A. 
PHLYCTENOiDES. As however there is no means of associating 
either of them with any one of these species, I have preferred to 
describe and figure them separately in this manner,- leaving for 
some future investigator the determination of their exact relation- 
ships. 

Arges, species A (plate figure 22), recalls that figured by 
Clarke (i 897, p. 745 , fig. 64) as Arges wesenbergensis pauuanus, 
from the Trenton limestone and Galena shales of Minnesota 
Form semi-oblong. Axis very convex, width one-third that of the 
anterior margin of pygidium, length equal to one and one-fourth 
times its width. Sides almost straight and parallel for one-half its 
length, then converging rapidly in convex curves to its acute ter- 
mination. Three annulations, of which the second is the most 
prominent and forms a rounded transverse ring. On the terminal 
lobe at the second third of the axis is a large, rounded median 
tubercle. Pleural portions depressed convex, each with two broad, 
grooved segments. On each segment the posterior element is a 
prominent rounded ridge ; that of the first segment being the 
larger and continuous with the prominent second axial ring. The 
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anterior element is a depressed convex triangular space, the tuber- 
culate surface of which is considerably lower than that of the 
prominent posterior elements. The margin of the pygidium is 
thickened, elevated, and armed on each of its lateral portions by 
two strong short spines. The posterior extremity is unknown. 
Entire surface strongly tuberculate. The surface of the under side 
of the margin or doublure is markedly striated. 

ArgeSy Species B (plate figure 23), is of much smaller size 
than the last. Our single example is semicircular in form, with its 
anterior margin slightly concave with exception of the projecting 
axial portion Its surface is depressed convex. Axis convex, 
projecting slightly in front ; its width somewhat less than one- 
quarter that of the anterior margin ; its length two-thirds that of 
the pygidium. Two rounded annulations, the second of which is 
more prominent, are followed by a bulbous posterior portion carr>- 
ing two small tubercles. Pleural portions flattened with steeply 
rounded, sloping margins. The anterior margin is thickened to 
from'a rounded rib. On each pleuron a rib, indistinct at first, extends 
from the second axial annulation one-half the distance across the 
pleuron; here, where it is marked by a tubercle, it curves poste- 
riorly and is continued as a strong, broad ridge to the margin 
where it terminates in a short spine. The posterior portion of the 
pygidium is trapezoidal in outline, flat, with a median emargination 
that forms two strong terminal spines. The entire surface is 
mintely granulated. 

This pygidium is referred to Arges phlyctenoides ; it has how- 
ever the appearance of an immature example, and may belong to 
a young individual of A. arkansanus. 

Lichas nereus, Hall, 1863. 

(Plate Figures 24-26.) 

1852, Lichas boltoni, Hall (Pal. N. V., Vol. II., p. 313; PI. 70, Fig. i» [not 
Figs. la-g]. 

1863, Lichas nereus, Hall (i6th Add. Rept. N. Y. State Cabinet Nat. Hist., p. 226). 

Numerous pygidia and a few fragmentary cephala referable to 
this species are in the collection from the limestone, 427-Al, at St. 
Clair spring. The large number of the pygidia do not show the 
margin. Two specimens, however, exhibit the posterior margin 
and show it to have the rounded outline with small median emar- 
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gination which is characteristic of the above species, and which 
chiefly serves to distinguish it from its closely allied and associated 
species, Lichas boltoni, Bigsby. 

From the same rock that furnished the pygidia were derived a 
few fragmentary cephala which will for the present be associated 
under the same specific name of Lichas nereus. One specimen 
(Fig. 25) exhibits the frontal portion of the median lobe, together 
with the anterior rostrum ; agreeing in form with the illustration 
of that portion given by Hall (Pal. N. Y., II., pi. 70, f. 1*) ; in 
which figures, however, the anterior margin of the cephalon has 
been restored. Another specimen, illustrated by our plate figure 
24, exhibits the entire central portion of the cranidium, including 
the left eye lobe and the occipital ring. This specimen shows no 
differences, worthy of specific distinction, from the structure seen 
in Lichas boltoni. Hall, as illustrated in Pal. N. Y., Vol. II., pi. 
69; and pi. 70, Figs. la-g. Such differences as may at first sight 
seem apparent may be explained as being due to the crushing suf- 
fered by all specimens from the Niagaran shale of New York. Our 
specimens from Arkansas being preserved in a hard limestone have 
undergone no such distorting pressure, and consequently appear 
more nearly in their original form than do those from shaly 
formations. 

Locality. — Common in the Siluric limestone, 427-Aly at St. 
Clair spring. Independence County, Arkansas. 

Observations. — The species Lichas nereus was proposed by 
Hall, in 1863 (i6th Annual Report State Cabinet Nat. Hist., p. 
226) for a specimen originally described and figured as a young 
individual of Lichas boltoni, Bigsby (1852, Pal. N. Y., Vol. II., 
p. 313; pi. 70, fig. I*), the pygidium of which exhibits characters 
that distinguish it from that of the typical Lichas boltoni as 
illustrated by figure ig of the same plate, and the single figure of 
plate 69. The distinctions were not at that time, and have not 
since been pointed out. The original specimen of plate 70, fig. 
I*, is now in the Hall Collection of the American Museum of 
Natural History, where it is associated with the original of figure 
Ig, plate 70, and a third unfigured pygidium, under the catalogue 
number 1825, and labelled Lichas nereus. Hall. Examination of 
these specimens of pygidia show that there is considerable differ- 
ence of form between these and the pygidia of Lichas boltoni. 
The nereus pygidium is proportionately broader; and the curve 
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unitinp^ the ends of the pleural lobes is parabolic rather than semi- 
circular. The anterior margin is rectilinear for a greater distance 
from the axial furrows. The first and second pleural ribs extend 
more directly outward from the axis and have their free extremi- 
ties broader and rounder. The outer margins of the third pleural 
ribs are rounded toward each other to form a blunt extremity to 
the pygidium, which is notched by a small angular excision on the 
median line. 

ENCRINURIDiE. 
Encrinurus punctatas (Brunnich) Wahlenberg, 1821. 

(Plate Figure 27.) 

1821, Entomostracites punctatus, Wahlenberg (Nov. Act. Reg. Soc. Sci., Upsala, 
Vol. VIII., p. 32; pi. II., f. I). 

1853, Encrinurus punctatus, Salter (Figures and Descrip. Brit. Org. Remains, Dec. 
VII., pi. IV., f. 15-16). 

1866, E. punctatus, Billings (Cat Silur. Fossils Anticosti, p. 6i ). 

1881, E. punctatus, Schmidt (Rev. Ostbalt. .Silur. Trilobiten, Abthl. I., p. 225 ; 
pi. XIV., f. 11-13; XV., f. 18). 

1887, E. thresheri, Focrste (Bull. Sci. Lab. Denison Univ., Vol. II., p. loi ; pi. 
VIII., f. 26). 

1889, E. punctatus, Foerste (Proc. Boston Soc. Nat. Hist., Vol. XXIV., p. 269). 

1893, E. punctatus, Foerste (Geol. Surv. Ohio, Vol. VII., p. 531 ; pi. XX VII., 
f. 26). 

? Cybele punctata. Hall (Pal. New York, Vol. II.', p. 297 ; pi. LXVIA., f. la-k. 
1852). 

? Encrinurus omatus, Hall and Whitfield (Geol. Surv. Ohio, Paleont., Vol. II., p. 
154; pi. VI., f. 16. 1875). 

Several fragmentary specimens, mostly moulds of the inner sur- 
face of the pygidial shield, of a spt-cies of Encrinurus occur in the 
collections from the limestone, 427-Al, St. Clair spring. They 
agree in all respects with the description and figures of E. 
THRESHERI, Foer-.te. 1887, which species was later by the same 
author considered identical with E. punctatus. Brunnich. Our 
examples are specifically identical with a fine specimen of " E. 
PUNCTATUS Brunnich" from the Wenlock shale of Malvern, Eng- 
land, that is in a collection presented by the Woodwardian Mu- 
seum of Cambridge. England, to Columbia University. 

No specimens of the cephalon of an Encrinurus have been 
found in the collections from either the Cason mine or St. Clair 
spring. 
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Observations. — This protean species is known from several 
localities of Siluric rocks in North America, and Europe. In 
Great Britain it is recorded as occurring also in the Ordovician. 
Caradoc-Bala, ranging from that horizon up into the Lower Lud- 
low (fide Etheridge, 1888, p.. 52). Billings cites this species 
from the Divisions 3 and 4 of the Anticosti group (1866, p. 61) 
which he considers equivalent to the Llandovery series of England^ 
and in which is found a fauna resembling that of the Clinton lower 
limestone of western New York, with Pentamerus oblongus and 
Leptoccelia hemispherica. Foerste records the species from 
the •• Clinton group at Dayton, Ohio ; Hanover, Indiana ; and 
Lockport, New York." Foerste (1893, p. 531) cites it also from 
the Clinton group of Collinsville, Alabama; and Cumberland Gap, 
Tennessee. Beecher in Smith (1896, pp. 20-27) cites it from 
the Niagara of the Fox Islands, Maine; and Ami (1899, p. 296) 
refers specimens from the Siluric of the Lake Temiscaming region 
of Canada provisionally to this species. Schmidt (1881, p. 226) 
cites the species as being without exception from the Upper Silu- 
rian in Sweden and the Baltic provinces of Russia. 

Encrinurus punctatus appears to have enjoyed a longer period 
of life in the seas of Great Britain than it did in those of North 
America for it appeared at an earlier, and continued till a later 
date in that province than it did in the American. 

PHACOPID.E. 
Dalmanites (Synphoria) vigilans^ Hall, i86r. > 

(Plate Figures 2S-32.) 

1861, Dalmanites Tigilaus, Hall (Rept. Prog. Geol. Surv. Wise, for i860, p. 51). 

1868, Dalmania vigilans, Hall (20th Ann. Rept. N. Y. State Cab. Nat. Hist., p. 
335. figs. 1-2; p. 375, pi. 21 (12), tigs. 16-18). 

1870, Dalmania vigilans, Hall (20th Ann. Rept. N. Y. State Cab. Nat. Hist., 
Rev. Ed., p. 426, figs. 13-14; pi. XXL, figs. 16-18). 

1876, Dalmanites vigilans. Hall (Doc. Ed. 28th Rept. N. Y. State Mus. Nat. Hist., 
expl. pi. zz, figs. 1-4). 

1879, Dalmanites vigilans. Hall (Museum Ed. 28th Rept. N. Y. State Mus. Nat. 
Hist., p. 193, pi. 33, figs. 1-4). 

1882, Dalmanites vigilans, Hall (Indiana, nth Ann. Rept. Dept. Geol. and Nat. 
Hist., p. 339, pi. 35, figs. 1-4; pi. 33» fig- 9)- 

This species is represented in the collections from St. Clair spring 
by large numbers of fragmentary cephala and pygidia. There oc- 
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cur also numerous fragments of thoracic segments, but as these are 
in all cases separated from the other parts of the test it is impos- 
sible to refer them to either the above species or to its associated 
Dalmanites arkansanus. 

Owing to the imperfection of our material and the evident desir- 
ability of more abundant and perfect material, no detailed descrip- 
tion of the species will be here attempted, and our remarks will 
be confined to calling attention to some of the more peculiar fea- 
tures which can be distinguished among these Arkansan examples. 

Among the figures, above cited, published by Hall, of this spe- 
cies from Wisconsin and Waldron, we find illustrated two quite 
distinct forms of cephalon which vary in respect of proportionate 
length and breadth, length and acuteness of anterior rostrum, and 
degree of impression of the lateral glabellar furrows. These varia- 
tions are all exhibited among the cephala of the Arkansan collec- 
tion. An* important feature in which our Arkansan examples 
differ from both the Wisconsin and Waldron specimens is the 
more marked coalescence of the lateral glabellar lobes. The sec- 
ond lateral furrows are reduced to a pair of small, oblong, deep 
pits, their outer ends being entirely obliterated. This has resulted 
in marked coalescence of the outer extremities of the first and 
second lobes to iorm obliquely trapezoidal lobes, the highest por- 
tions of which are directly laterad of the reduced second furrows* 
The first furrows are broad and shallow ; extending obliquely three- 
fourths the distance from the axial furrows to the median line. 
From the inner ends of the first furrows extend shallow sinuses 
posteriorly to the second and third furrows, serving to demarcate 
in slight degree the lateral lobes from the median portion of the 
glabella. The third furrows are narrow, deeply impressed, and 
short; not extending to the axial furrows, and not continued over 
the median portion of the glabella. These characters are pro- 
phetic of the type of structure to which Clarke (1897, p. 733 ; and 
1900a, pp. 17-19) has applied the term Synphoria, which attained 
its most pronounced development in Devonic time. In his memoir 
on the Becraft Mountain Oriskany fauna (1900a, p. 18) Dr. Clarke 
states that •* Dalmanites stemmatus is the earliest Devonic form 
in which coalescence is pronounced." It is of interest to note that 
in the Niagaran specimen of D. vigilans, illustrated by figure 28 
of our plates, the coalescence of the glabellar lobes is seen to be 
even more pronounced than in the figures of D. stemmatus (op. 
cit, pi. I., figs. 6-8). 
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The eyes of the Arkansan examples are elevated to a much 
greater height than are those of the Wisconsin and Waldron 
specimens. 

Among the pygidia from Arkansas, referable to Dalmanites 
viGiLANS, are likewise two forms; one broad, the other narrow, 
which differ from each other mainly in the outline of the test. In 
the narrow form the lateral margins converge less rapidly, making 
with each other a more acute angle ; and the post-axial portion is 
longer, somewhat keeled along the median line, and bent upward 
toward its extremity. 

The variations, noted above, among the Arkansan examples 
demonstrate the existence among them of two quite distinct 
forms; a narrow form and a broad form, each of which is repre- 
sented by both cephala and pygidia. These forms may represent 
the male (narrow), and the female (broad) forms of a single species. 
Hall's figures likewise illustrate two forms. The cephalon (20th 
N. Y. Mus., pi. XXI., f. 16^17) from Wisconsin ; and the pygidium 
(28th N. Y. Mus., pi, 33, f. 3) from Waldron are of the narrow, 
male form; while the cephala (28th Mus.. p. 33, f. 1-2), and the 
pygidia (20th Mus., pi. XXL, f. 18; and 28th Mus., pi. 33, f. 4) 
are of the broad, female form. More abundant and perfect mate- 
rial is necessary before i more detailed description of these sexual 
differences can be attempted. 

Locality. — Abundantly represented in the Siluric limestone, 
427-~Aly of St. Clair spring. Independence County, Arkansas. 

Dalmanites (Synphoria) arkansanus, sp. no v. 

( Plate P'kiures 33-37 ; Text Fk.iires 20-22. ) 

I901, " No. 61. Dalmanites, sp. (?)," Williams (Geol. Surv. Ark., Rept. for 
1892, p. 297.) 

Among the trilobites from both St. Clair spring (427-Ai) and 
the Cason mine (426-C3), are several examples of a form of 
Dalmanites not referable to any species of that genus heretofore 
described from North America, The species is represented by 
specimens of the cephalon and pygidium only ; the thorax being 
unknown. Among these specimens there are distinguishable two 
forms of cephala: one with broader glabella, less distinctly im- 
pre.ssed lateral glabella furrows, smaller eyes, and rounded genal 
angles ; considered as the female : the other with well impressed 
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lateral glabellar furrows, larger eyes, and with genal angles pro- 
duced into spines; considered as the male. 

Cephalon. — Outline triangular, rostrum blunt; lateral margins 
curving slightly downward and outward to the genal extremities 
which in the male are produced into spines of a length equal to 
one- third the length of the cephalon ; and in the female are rounded. 
Surface of cephalon convex, flat over the middle portion of the 
glabella, sloping abruptly to the margins. Length to breadth 

DalmaaltM (STOpbarU) arkJOMBW, 

Fig. io. Cephalon of male; eatarged 3 

Fic. 21. Cephalon of female; enlarged 3 

Fig. 31. Pjrgidium ; enlarged 2 diameters. 

about as 7 to 11. Dorsal furrow 
slight, deepest near the junction 
with occipital furrow, shallowest 
between the first glabellar and the 
palpebral lobe; slightly curved, di 
verging so that the glabella is 
at base one-half the width in front 
of the eyes. Anterior arm of the 
doisal furrow traverses the lateral 
extensions of the frontal lobi.', 
following a course just within and 
similar to that of the facial suture 
and separated from the latter by 
a narrow ridge, finally becoming 
obsolete towards the front. This 
ridge and the anterior arm of the 
dorsal furrow arc continued for a longer distance toward the 
front in the female than in the male. Glabella pentagonal ; 
frontal lobe subtriangular, occupying two-thirds the length of the 
glabella in the male, and a slightly less area in the female; pro- 
jecting laterally past the middle of the eyes, one-third wider than 
long ; protuberant but not projecting over either the facial suture 
or marginal limbus, but with its anterior slope so steep that the 
encircling portion of the facial suture runs in a deeply impressed 
channel. Laleial portions of frontal lobe cut off by a ridge be- 
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tween the anterior arms of the facial suture and dorsal furrow, 
leaving on the free cheek a low, sickle-shaped ridge of variable 
distinctness. These characters are more strongly marked in the 
female than in the male. First glabellar furrow long, broad, of 
moderate depth, extending inwards and somewhat backwards for 
three-eighths the semidiameter of the frontal lobe. First and 
second glabellar lobes quite confluent at their extremities, more so 
in the female than in the male ; the first lobe triangular, directed 
forwards ; the second lobe half the size of the first, with its poste- 
rior border rounded, the intervening second furrow short, slight, 
and either horizontal or directed slightly backwards. Third furrow 
strong, curving backwards, then forwards. Third lobe narrow, 
somewhat wider at its extremity than at its base, directed back- 
wards, as long as the second lobe. That part of the glabellar sur- 
face behind the frontal lobe is, along its median line, somewhat 
lower than over the lateral lobes ; these latter being slightly ele- 
vated towards their extremities. Occipital furrow deep, curved 
forwards. 

Occipital ring long, broader than the third lobes, elevated, with 
a blunt tubercle at the center. Eyes large, prominent, extending 
from the first glabellar furrow to the occipital furrow in the male, 
and not so far in the female ; palpebra much higher than the pal- 
pebral lobes. Posterior angle of eye considerably nearer the median 
line of cephalon than is the anterior angle ; with, intervening be- 
tween the former and the dorsal furrow, a narrow flat area that is 
smaller in the male than in the female. Visual area large, some- 
what more than a semicircle, with a groove at its base. 

Cheeks with, steep lateral slopes, tumid with exception of a shal- 
low sinus where traversed by the facial suture, broader in male 
than in female. Marginal furrow well marked, broad, not quite 
obsolete toward the genal angle so that it barely unites with the 
occipital furrow, impressed around the frontal lobe. Occipital fur- 
row narrow, deep, curving posteriorly toward the genal angle, and 
becoming obsolete. Genal angle in male produced in a spine that 
is equal in length to about one-third the length of the cranidium : 
genal angle in the female rounded. Facial suture in a deeply im- 
pressed groove in front of the glabella, then runs just outside the 
dorsal furrow and cuts off a narrow portion of the frontal lobe 
(more apparent in the female than in the male), passes behind the 
eye, and from the posterior angle of the eye is directed forwards 
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for a short distance, and then with a broad backward curve cuts 
the lateral margin opposite the posterior angle of the eye. Mar- 
ginal border of cephalon thickened, narrow; becoming much nar- 
rower, though retaining its distinctness, around the frontal lobe ; 
unornamented. 

Pygtdium. — Form broadly triangular; anterior margin rounded, 
lateral margins curving slightly outwards, posterior extremity 
blunt, rounded. Surface rather convex; pleural portions quite 
flat for one third their width, then sloping steeply to the margins. 
Width to length as i6 mm. to lO mm. Axis convex, delimited 
by shallow axal furrows, with ten simply curving annulatlons; ex- 
tending to within one-fifteenth of its own length of the posterior 
extremity where it seems to coalesce with the thickened marginal 
border; width at anterior mari^^in, 5.5 mm. and tapering gently so 
that at the tenth annulation its width is 2 mm. Pleural portions 
with 7 to 8 broad, indistinctly demarcated ribs, the segmental fur- 
rows being mere, slightly impressed, lines that become obsolete 
at about the fifth rib ; each rib with a broad, deep median groove 
that is very much more distinct than is the segmental groove. 
An unornamented, slightly thickened, steeply sloping, marginal 
border, I mm. wide, extends around the lateral and posterior mar- 
gins of the pygidium : the anterior margin is provided with well 
developed, flat articulating facets that extend from the antero-lat- 
eral angles two-thirds of the distance towards the axal furrows. 

Entire surface of the cephalon is ornamented with a minute tu- 
berculation, which is less strongly marked on those portions bor- 
dering the marginal furrow: the pygidium has the same ornamen- 
tation, though m a lesser degree. 

Measuremkni's in Millimeters of two Cephala ; Male and Female 

OF Dalmanites arkansanus. 

Male, Fig. 33. Fkmale, Fig. 34. 

Length 18 13 

Width at posterior margin 28 22 

F'rontal lobe, width 15 II 

First glabellar lobes, width 12 lo 

Occipital ring, width 8 6 

Eyes, width of outer margins of bases 20 15 

First glabellar furrow from frontal margin II 7 

Second glabellar furrow from frontal margin 13 9 

Third glabellar furrow from front margin 14^/2 I o 

Occipital furrow from front mai^in 16 H^ 

Posterior margin 18 13 
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Front to tip genal spine, about 30 

Front to genal angle, about 25 18 

Height of palpebra il 8 

Height of occipital ring 12 9 

Locality. — The above species occurs not uncommonly in the 
collection from St. Clair spring (427-Al), and less abundantly 
among the material from the Niagaran limestone from the Cason 
mine (426-C3). The Cason specimens, are much larger though 
more poorly preserved than are those from thj St. Clair spring 
rock, but those characters that arc distinguishable upon them are 
the same as those seen on the smaller specimens. 

Observations: — Dalmanites arkansanus seems to have no near 
relatives among the American Ordovicic and Siluric species of the 
genus, from all of which it differs in the well-marked triangular 
outline of both the cephalon and the frontal glabellar lobe. Among 
European forms its nearest ally appears to be Phacops (Acaste) 
BRONGNiARTi of Portlock, from the Caradoc division of the upper 
Ordovicic of Tyrone, Ireland, which species is placed by Schmidt 
(188 1, p. 62) in his genus Pterygometopus. The cephalon of 
what we consider the female of our Dalmanites arkansanus re- 
rembles quite closely the figures of that of P. brongniarti which 
is regarded as the male of that species by Salter (i 864-1 883, p. 
34; pi. I.), and resembles especially that illustrated in figure 21 of 
the plate mentioned. The male of our species does not agree so 
well with the figures of P. brongniarti ; neither does it show so 
prominently, as does the male, those characters diagnostic of 
Pterygometopus. The male seems to approach more nearly the 
typical Dalmanites as expressed in D. limulurus, Green, of the 
New York Niagaran, and D. micrurus, Green, of the New York 
Coeymans limestone of Paleodevonic age. We seem to have 
here a species of which the female possesses in a small degree 
certain characters diagnostic of an Ordovicic group, Pterygo- 
metopus, while the male has lost the characters of the earlier 
group and reassumed those of the typical Dalmanites, as ex- 
pressed in the two species cited above. This may be explained by 
the more ready response on the part of the male to the influences 
of the new environment encountered in the recently formed epi- 
continental Siluric sea of America ; and to the greater conservatism 
of the female, which has caused her to retain in diminishing in- 
tensity the characters of the ancestral form. 
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Note : — The plate figures mentioned in the text will be issued 
with the next installment which will conclude the descriptions of 
the trilobites of this fauna. A bibliographic list will also be then 
given. 

Columbia University, 
July, 1901. 



A JAPANESE COPPER REDUCTION WORKS. 

By W. L. HILDBURGH, E.E., A.M. 

The Ashio Copper Mine, at Ashio, some 18 miles from Nikko, 
is the largest copper mine in Japan, and probably the largest in 
the Far East. Through the courtesy of the officials the writer was 
permitted to visit it in all its parts, accompanied by Mr. Wada, 
who acted as guide and interpreter and to whom his especial 
thanks are due. The Ashio mine is a striking instance of the 
♦•New Japan," the product of the change from feudalism to modern- 
ism which has gone on during the last thirty years, and offers to 
occidental engineers a series of concrete examples of what the 
Japanese, even with what is generally considered their uncompleted 
training, are capable. The following random notes are intended, 
with a few exceptions, to convey a general idea of the present con- 
ditions, rather than to give details of the works. 

The ore is pyritic, varying from a very low grade up to 25 or 
30 per cent, copper. It is dressed and smelted at Ashio, the 
product, consisting of bars of Bessemerized copper, about 99.5 per 
cent pure, being sent, for the most part, to Hamburg via Yoko- 
hama. The entire undertaking isi n Japanese hands, no Europeans 
being employed in any of its several departments. 

Bar-copper and supplies are sent to and from the railway station 
at Nikko, between which and the mine lies a high range of hills. 
From Ashio the bars are taken by horse-railway to the foot of the 
pass across the hills, over the pass, about 3 miles, by two parallel 
aerial-ropeways, and thence to Nikko by bullock-drawn trains 
running at one side of the highway. Other aerial-ropeways, near 
Ashio, appeared to be employed mainly for the transport of timber. 

On the mine premises practically all transportation is done by 
electric locomotives, some American built, but the greater num- 
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ber of Japanese manuTacture, constructed at the mine shops ; all 
were said to operate satisfactorily. The same locomotives are used 
for both surface and underground haulage, running from the main 
surface level directly into the tunnels and workings in the hillside. 
All the locomotives, but particularly the Japanese, seem smaller 
than those generally used in American practice, and haul shorter 
trains, the labor conditions of Japan, so different to our own, prob- 
ably making this preferable. Electric machinery is used under- 
ground, but not electric lighting. 



Japanese buill Electric Locomuilve. 

The shops turn out not only the tools and appliances generally 
built at a mine, but also such machines as in most mining coun- 
tries are more economically furnished by machinery builders, the 
electric locomotives, dynamos and stationary motors, and a large 
vertical air- com pressor, being conspicuous examples. A number 
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of pieces of apparatus bearing ramitiar nameplates are to be seen, 
but, doubtless, before long they also will have been reproduced by 
their imitative owners What is probably a typical case is to be 
seen in the analytical laboratory, where of four balances three are 
Japanese and one English ; the latter is the most sensitive, but is 
said to have cost three times as much as any one of the others. 

The cost of materials, supplies, etc., at Ashio, is relatively high, 
due largely to the mountainous character of the country, and the 
difficulty of transportation. The wages of employees of the ordi- 
nary classes are as follows : 

Ore Sorten f Girls 131015 sen" per day 

etc. I Women 201030 " " " 

Laborers j Coolies) 30 sen and upward " " 

Miners 40 sen I0 I yen " " 

The country in the neighborhood of Ashio is hilly and full of 
water courses, which lurnish power to run most of the mine 



machinery either directly or through local electric transmission. 
The water from the waste piles, etc . which formerly poisoned the 
streams into which it p )ured, now passes through a long series of 
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small wooden vats containing scrap iron, upon which it deposits its 
metal. The cement copper, about 60 per cent, pure, is knocked 
off the iron by women, formed into balls with a little coarse lime, 
melted in a cupola furnace, and bessemerized. 

The steep hill slopes of the valleys in which the mine and the 
miners' dwellings are situated having been denuded of timber, and 
all vegetation in the vicinity having been destroyed by the sulphur- 
ous vapors which formerly came from the furnaces, it became neces- 
sary to prevent landslips and the fall of the loose stones contained 
in the friable soil. This was accomplished by covering the slopes 
with a huge network of basket-woven twigs, or of bundles of 
straw, staked down, the meshes being 3 or 4 feet on a side. At 
present the injurious sulphurous acids are removed from the 
furnace gases by passing the latter through a lime-water spray at 
the base of the chimney, the flue to which ascends the hillside in a 
series of steps. 



Pouring the Bessemeriied Copper, 

From 25 to 30 samples of ore are usually analyzed per day for 
copper, iron, silica and sulphur. The quantities of gold, silver, 
nickel, cobalt, aluminum and manganese, in addition, being oc- 
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casionally measured. The ore samples are kept in partitioned 
drawers in small cabinets. 

The ore from the dressing- works is graded in four sizes: 40 to 
8 mm., 8 to 5 mm , 5 to 3 mm., and 3 mm. to dust. The lump ore 
is roasted in stalls whose charge is from 15 to 30 Ions, the time 
occupied averaging about 35 days per charge; the middle sizes are 
roasted in a reverberator/ furnace, and the finest ore is mixed with 
a little cementing material, formed by hand into briquettes, and 
then treated like lump ore. For melting the roasted ore eight fur- 
naces are employed, two of which are kept as auxiliaries. Hot- 
blast was formerly used, but ha-* been discarded in favor of cold, 
on account of the excessive reducing action and unnecessarily high 
temperature produced by the former. 



Loading Ihe Converter Slag. 

The matte, which after one smelting contains about fifty per 
cent, of copper, is carried by a chain- elevator to the melting 
cupolas and then bessemerized. There are four converters, two in 
constant use and two auxiliary. Their lining is peculiar, being 
composed of large blocks of a natural stone, of volcanic origin, 
found near by, containing about 73 per cent, silica. Each block for 
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the body of the converter covers 90° of the circumference, is about 
450 mm. high and 230 mm. in thickness, the diameter of the open- 
ing being 650 mm. Mr. Kagamoto, the metallurgist in charge, 
states that the block-lining has given very satisfactory results, and 
is much better than the mixture of powdered material formerly 
used. 

The cupola and converter slags contain about 8 per cent, copper, 
and are carried by an aerial ropeway to bins, whence later they are 
removed by cars to the charging floors of the smelting lurnaces. 
The furnace slags are thrown away, or are used for bricks or blocks 
for stove walls. After granulation the waste slag is carried in 
cars by a cableway to the top of the hill, and thence by electric 
locomotives to the dump. 



A LIST OF MINERALS ARRANGED ACCORDING TO 
THE THIRTY-TWO CRYSTAL CLASSES. 

By AUSTIN F. ROGERS, 
Fellow in Mineralogy, Columbia University. 

The purpose of this paper is to arrange under each of the thirty- 
two classes of crystals all of the minerals known to belong to that 
class. Only well-defined mineral species, such as those recognized 
in Dana's System of Mineralogy, 6th edition, together with new 
minerals, are included. The minerals under each class are arranged 
as in that work. 

In the absence of etch-figure and other physical data, if a mineral 
exhibits among its crystal forms the general form of a class, it is 
referred to that class. Later work will no doubt show that of many 
of the minerals now included in the classes of higher symmetry of 
a given system should be included in a class of lower symmetry. 
The tendency in crystal investigation is toward the degradation of 
crystals from higher to lower symmetry. Thus the micas were 
formerly thought to be in part hexagonal and in part orthorhombic. 
More careful work showed that they were to be regarded as mono- 
clinic, and recently Wiik and Walker have referred the most of 
them to the triclinic system. 

Ineach system under the head"ClassUndetermined" are included 
such minerals as do not exhibit the general form of any of the 
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classes or do not show that they belong to them by means of etching 
or similar tests. One of the principal problems of mineralogy is 
to determine to which crystal class each of these minerals belongs. 

There is no uniformity in regard to the names of the different 
crystal classes. In order to bring this fact before the reader, I have 
arranged in tabular form the names of the thirty-two classes of 
crystals as used by several crystallographers, together with the 
names used in this paper. 

The names used should fulfill these conditions : 

1. Each class name should be distinctive — there should be no 
chance of ambiguity. The name of the class is the name of the 
general form, but in addition it should include the name of the sys- 
tem, except in the triclinic and isometric systems. 

2. The names should be as short and concise as possible : 

3. All terms involving the idea of merohedrism should be 
dropped. 

Groth's set of names comes nearer fulfilling these conditions 
than any yet proposed, but they may, I think, be improved upon. 
His class I, ** asymmctrisch " class, may better be called " pediad," 
after the name of the general form, pedion, which term is used by 
Lewis. His names for the classes of the isometric system may be 
simplified and shortened. 

The names used in this paper are largely translations of Groth's 
terms. 

The symmetry of each class is exhibited by Gadolin's spherical 
projection of the general form. For the loan of these cuts I am 
indebted to Professor Moses. An upper face is indicated by a 
small cross and a lower one by a small circle. AH full lines whether 
diameters, circles, or arcs of circles represent planes of symmetry. 
The small black ellipses, triangles, squares and hexagons represent 
axes of 2-, 3-, 4- and 6-fold symmetry respectively. In addition to 
these drawings certain symbols are used in the text to denote the 
elements of symmetry- Thus A^ is an axis of ;/-fold symmetry. 
S, a plane of symmetry, while the symbol A^I stands for composite 
symmetry to an n-Md axis and a plane normal thereto. 

If the 32 classes are arranged as in the following table, a certain 
regularity is apparent. Thus of the orthorhombic, trigonal, tetra- 
gonal and hexagonal systems, the holohedral and the difTerent 
merohedral classes fall in vertical columns. All orthorhombic 
classes are in horizontal row A^, the trigonal (with the exception 

VOL. XXIII. — 6. 
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of class 17) in ^,, the tetragonal (with the exception of class 11) in 
A^^ and the hexagonal in A^. 



Tetatto- 
morphlc 
Group. 


Trape- 

zobedrel 

Group. 


Hemihedral H*™': 
Group. morphic 
A^S (»roup. 


H olohedral 
Ar^yfiA^^S GrouD. 


Isometric Group. 
^ 2 More than one axis 
** of symmetry 


A% 


•^i»»*^t 


"• An.nS " '- 


with penod greater 


Clan. 


Class. 
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A4 


10 


A4.4A,t 12 


A„S 


13 A^.4S . 14 


— A4.4A„5S 15 
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A, 


23 


A..6A, 


24 


Ae,S 


25 As,6S 1 26 


— Ab,6A,,7S 27 


A,, 2 


17 6A„4A3,3A4,9S 


32 



TRICLINIC SYSTEM. 

Includes two classes which are referred to three non- interchange- 
able crystallographic axes at oblique angles to each other. 

I. Pediad Class. 

(Hemihedral, 3a.] 

A.. 




■•••-•* ••• • 



No examples among minerals are known. 
Calcium ihiosulfate, CaSsO, • 6H,0. 

2. Pinacoidal Class. 

(Holohedral, 31.) 



Sassolite , 
Lansfbrdite, 
Mfc^line, 
Albite, 



Oligoclase, 
Andesine, 
I^bradorite, 
Anorthite, 



a 



>b 



Celsian, 
Hainite, 
Hiortdahlite, 
Rbodonitei 
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Babingtonite, 

Aenigmatite, 

Axinite« 

Inesite, 

BioUtc,* 

Lq>idolite,* 



Zinnwaldite,* 

Amblygonite, 

Monetite, 

Roselite, 

Branddte, 

Fairfieldite, 



Messelite, 

Hannayite, 

Walpurgite, 

Cbalcantliite» 

R5merite, 

Amarantite. 



MONOCLINIC SYSTEM. 

Includes three classes -which are referred to three non-inter- 
changeable crystallographic axes, two oblique to each other, the 
third at right angles to the other two. 

3. Monoclinic sphenoidal Class. 

(Hemimorphic, 30.) 



 ; 
t 
t 



/ ^•.. 



•v • 



\ 



} •* y 



No examples among minerals are known 
Cane-sugar, C,,H„0,i. 

4. Monoclinic domatic Class. 

(Hemihedral, ag.) 




Clinohedrite.f 



Scolecite.J 



•Wiflc, Ofvers, Finska, Vet. Soc. Fdrh., 1880. Walker, Am, Jour. Soc„ 7, 199, 
1899. 

fPenfieldand Footc, Amer, Jour. Sci., $: 289, 1898. 
tRinne,//^. Jlfin,, 1894, II., 51. 



^ 



84 



THE QUARTERLY. 



5. Monoclinic prismatic Class. 

(HololMdral, aS.) 



Realgar, 


Rosenbuschite, 


Neptunite, 


SyWanite, 


Urbanite, 


Keilbauite, 


Kermesite, 


Amphibole, 


Johnstrupite, 


Miargyrite, 


Glaucophane, 


Mosandrite, 


Lorandite, 


Riebeckite, 


Rinkite, 


Pearceite, 


Arfvedsonite, 


Schizolite, 


Plagionite, 


Partschinite, 


Leucosphenite, 


Semseyite, 


Datolite, 


Monazite, 


Freislebenite, 


Homilite, 


Graftonite, 


Pyrostilpnitc, 


Euclase, 


"Wagncrite, 


Rittingerite, 


Gadolinite, 


Triploidite, 


Xanthoconite, 


Thalenite, 


Larkinite, 


Polybasite, 


Epidote, 


Adelite, 


Ciyolitc, 


Piedmontite, 


Durangite, 


Fiedlerite, 


AUanite, 


Clinoclasite, 


Paralaurionite, 


Hancockite, 


Lazulite, 


Pachnolite, 


Cuspidine, 


AUactite, 


Thomsenolite, 


Prolectite, 


Synadelphite, 


Claudetite, 


Chondrodite, 


Dickinsonite, 


Baddeleyite, 


ClinolHiniite, 


Fillowitc, 


Gibbsite, 


Ganophyllite, 


Vivianite, 


Barytocalcite, 


Mordenite, 


Symplesite, 


Malachite, 


Heulandite, 


Bobierrite, 


Azurite, 


Brewsterite, 


Hoemesite, 


Natron, 


EpistilbUe, 


Erythritc, 


Gaylussite, 


Phillipsite, 


Annabergite, 


Trona, 


Harmotome, 


Cabrerite, 


Pctalitc, 


Stilbite, 


Kdttigite, 


Ettdidymitc, 


Laumontite, 


Stercorite, 


Orthoclase, 


Muscovite, 


Pharmacolite, 


Hyalophane, 


Margarite, 


Brushite, 


Pjrroxene, 


Seybcrtite, 


Hureaulite, 


Acmice, 


Clinochlore, 


Ludlamite, 


Spodumene, 


Procblorite, 


Augelite, 


Wollastonite, 


Conmdophilite, 


Beraunite, 


Pcctolite, 


Titanite, 


Liroconite, 
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Torbcrnitc,* 


Leadhillite, 


htatAxt, 


Zeonerite, 


Dietzeite, 


Boussingaultite, 


Autimite,t 


Lanarkite, 


Picromerite, 


Uranospinite, 


Dolerophanite, 


Cyanochroite, 


Uranocirdte, 


Lioarite, 


Quenstedtite, 


Darapskite, 


Mirabilite, 


KrQhnkite, 


Laatarite, 


Kieserite, 


Heirengrandite, 


Colemanite, 




Copiapite, 


Heintzite, 


Melanterite, 


Botryogen, 


Borax, 


Mallardite, 


Chalcomenite, 


Glauberite, 


Pisanite, 


Wolframite, 


Crocoite, 


Bieberite, 


Habnerite, 


Vauquelenite, 


Syngenite, 


Raspite, 


Kainite, 


Bl&dite, 


Whewellite. 



8s 



Klaprothite, 

Livenite, 
W6hlerite, 

Crednerite, 
Agricolite, 

Clinozoisite, 



Class Undetermined. 

Carpfaolite, 

Hautefeuillite, 
WelUite, 

TaiDiolite, 
Kaolinite, 



Epistolite, 

Metabnishite, 
TrSgerite, 

Castaoite, 
Johannite. 



ORTHORHOMBIC SYSTEM. 



Includes three classes which are referred to three non-inter- 
changeable crystallographic axes at right angles to each other. 

6. Rhombic bisphenoidal Class. 

(Hemniedral, 87.) 
Aj, 2A,. 

....•• •^►•--.. 



T 



* 

V 



V 



I 

oU 

 

a 



/ 



Edingtonite, 
Lettcophanite, 



Epsomite, 
Goslarite. 



* Walker, Am. Joum, Sd.f 6 : 41. 1S98. 
t Brezina, Zf. AV., 3 : 273. 
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Stephanite,* 
Finsonite^t 



7. Rhombic pjrramidal Class. 

(Hemimorphic, 26.) 

A„ 2S. 



/ 



"... 



Prehnite, 
Bertrandite, 



ib 



Calamine, 
Struvite. 



8. Rhombic bipyramidal Class. 

(Holohedral, 25.) 

A29 2A29 3^- 




Sulfur, 

Orpiment, 

Stibnite, 

Bismuthinite, 

Guanajuatite, 

Dyscrasite, 

Chalcocitei 

Stromeyerite, 

Sternbergite, 

Acanthite, 

Marcasite, 

Ldllingite, 

Arseoopyrite, 

Safflorite, 

Rammelsbergite, 

Glaucodot, 

 Miers, Min, Mag, , 9 : 
t Pralt, Am. Jour. Sci., 



Alloclasite, 

Wolfachite, 

Krennerite, 

Nagyagite, 

Guejarite, 

Zinkenite, 

Andorite, 

Sartorite, 

Emplectite, 

Chalcostibite, 

Dufrenoysite, 

Cosalite, 

Diaphorite, 

Boumonite, 

Wittichcnite, 

Aikenite, 



Stylotypiie, 

Jordanite, 

Meneghinite, 

Geocronite, 

Rathite, 

Enargite, 

Famatinite, 

Argyrodite, 

Sundtite, 

Cotunnite, 

Mendipite, 

Laurionite, 

Daviesite, 

Atacamite, 

Erylhosiderite, 

Carnal lite, 



I, 1890. 

2 : 126, 1896. 
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Fluellite, 

Valentinite, 

Bismite, 

Tellurite, 

Molybdite, 

TuDgstite, 

Cbrysoberyl, 

Pscadobrookite, 

Brookite, 

Diaspore, 

G5thite, 

Manganite, 

Aragonite, 

Bromlite, 

Witherite, 

Strontianite, 

Cenissite, 

Thermonatrite, 

Nesquehonite, 

Lanthanite, 

Uranothallite, 

Ancylite, 

Epididymitei 

Enstatite, 

Hyperethene, 

Anthophyllite, 

Elpidite, 

lolite, 

MoQticellite, 

Glaucochioite, 

Chrysolite, 



Jamesonite, 

Epigenite, 

Cervantite, 



Forsterite, 

Fayalite, 

Knebelite, 

Tephroite, 

Danburite, 

Topaz, 

Andalusite, 

Zoisite, 

Harstigite, 

Humite, 

Lawsonite, 

Ilvaite, 

Ardennite, 

Kentrolite, 

Melanotekite, 

Ccrite, 

Natrolite, 

Astrophyllite, 

Stokesite, 

Lorenzenite, 

Aescbynite, 

Polymignite, 

Euxenite, 

Polycrase, 

Columbite, 

Tan tali te, 

Pucherite, 

Beryllonite, 

Herderite, 

Oli^inite, 



Liebethenite, 

Adamite, 

Descloizite, 

Reddingite, 

Scorodite, 

Strengite, 

Phosphosiderite, 

Newberyite, 

Hemafibrite, 

Wavellite, 

Cbildrenite, 

Eosphorite, 

Mazipilite, 

Derby! ite, 

Retzian, 

Britholite, 

Niter, 

Gerhardtite, 

Sulphoborite, 

Mascagnite, 

Tbenardite, 

Barite, 

Celestite, 

Anglesite, 

Hydrocyanite, 

Caledonite, 

Brochantite, 

Serpierite, 

Stelznerite, 

Arzninite. 



Class Undetermined. 

Teschemacherite, 

Coryinite, 

Lossenite, 



Euchlorine, 
Elpidite. 
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TETRAGONAL SYSTEM. 



Includes seven classes which are referred to three crystallographic 
axes at right angles to each other, two of which are interchangeable. 

9. Tetragonal bisphenoidal Class. 

(Sphenoidal tetartohedral, 24.) 



4- 



ia 



a 



No examples are known. 

10. Tetragonal pyramidal Class. 

( Hemimorpliic tetartohedral, 23.) 

A,. 



\ 



..••—••■••• 



M ! 



^* VA*»« •«•« 



!  
I 



/ 



Wulfenite.* 



Cha I copy rite. 



II. Tetragonal scalenohedral Class. 

(Sphenoidal hemihedral, sa.) 

A,, 2A,, 2S. 




Stannitc.f 



♦Ingersoll, Am. Jour. Sd., 48: 193, 1894. Etch-ftgures indicate the symmetry 
of Class 13. Traube, Jlr. Min, Beil-Bd. 10, 459, 1896. 
t Spencer, Min. Mag., 13 : 54, 1901. 



12. 



A LIST CF MINERALS. 
Tetragonal txapezohedral Clasd. 

(Trapezoliedral hemihedral, ai.) 
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No examples among minerals are known.* 
Nickel sulfate, NiSO^ • 6H,0. 

13. Tetragoual bipyramidal Class. 

(Psrramidal hemihedral, ao.) 

A,S. 




Meionite, 


Sarcolite, Scheelite, 


Weraerite, 


Fergusonite, Powellite,t 


Miisonite, 


Pinnoite, Stolzite. 


Marialite, 


• 




14. Ditetragonal pyramidal Class. 




(Hemimorpliic, 19.) 




A„ 4S. 




No examples among minerals are known, 
lodosuccinimid, QH^O^NI. 



* Pbosgenite is referred by Goldschmidt to this class but Traube has shown that it 
belongs to Class 15 (q. ▼.). 

t Palache, Am. Jour. Sn\f 7 : 367, 1899. 
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15. Ditetragonal bipyramidal Class. 

(Holohedral, 18.) 

^41 4^> SS- 




Hauchecornite, 


Cassiterite, 


Zircon, 


Calomel, 


Polianite, 


Thorite, 


Sellaite, 


Rutile, 


Apophyllitc, 


Chiolite, 


Plattnerite, 


Mossite, 


Matlockite, 


Octahedrite, 


Xenotime, 


Hausmannite, 


Phosgenite,* 


Trippkeite, 


Braunite, 


Vesuvianite, 

Class undetermined. 


Mursinskite. 


Bol^ite, 


Gehlenite, 


Mackintoshite, 


Meliphanitc, 


Narsarsukite, 


LOwcite, 


Ganomalite, 


Sipylite, 


Reinite, 


Hardystonite, 


Tapiolite, 


Belonesite, 


Melilite, 


Romeite, 


Mellite. 



TRIGONAL SYSTEM. 

Includes seven classes, each with an axis of 3-fold symmetry, 
which are referred to four crystallographic axes, three interchange- 
able ones lying in one plane at angles of 60^ to each other and a 
fourth one at right angles to the other three. 

16. Trigonal pyramidal Class. 

(Ogdohedral, 17.) 

A,. 




A. 






No examples among minerals are known. 
Sodium periodate, NalO^ • jHjO. 

Traube, Jb. Min. BeiL, Bd. 10 : 456, 1896. 



A LIST OF MINERALS. 
vj. Trigonal rhombohedral Class. 

( Rhombohedral tetartohedral , 1 6 . ) 

a ... . 

i \ / 

r- # f 

* • . " 

 X / 

■:. / O . / 

a . • 

Ilmenite, Dolomite, Phenacite, 

Pyrop hanite,* WillemitejJ Dioptase. 

Senaite,t 

i8. Trigonal trapezohedral Class. 

( Trapezohedral tetartohedral , 1 5 . ) 

A3, 3Aj. 

a • 

/ ••• / 

: 

: O •• •• 

^-"••~-*- I* 

^ • • • 

' \ / 

\ ./ \ » ./ 

\ • o • 

a 

Cinnabar, Quartz. 

19. Trigonal bipyramidal Class. 

(Trigonal tetartohedral, 14.) 

A,S. 

a 

I 

/ 
a 
No examples are known. 

*Hamberg, G. F3r. Fork., 12 : 58, 1890. 

t Hossak and Prior, Min, Mag,^ 12 : 30, 1898. 

^Penfield, Zs. Kr., 23: 73, 1894. 
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Greenockite,* 

WurUitc,t 
Pyrargyritc, 



Corundum, 
Hematite, 
Caldte, 
Magnesite, 



20. Ditrigonal pyramidal Class. 

(Hemimorphic hemihedral, 13.) 




Proustite, 
Zincite,}: 



Tourmaline, 
Spangolite, { 



21. Ditrigonal scalenohedral Class. 

(Rhombohedral hemihedral, xa.) 




Siderite, 
Rhodochrosite, 
Smithsonite, 
Eudialyte, 



Chabazite, 
Gmelinite, 
Levynite, 
Soda Niter. 



22. Ditrigonal bipyramidal Class. 

(Trigonal hemihedral, n.) 
No examples are known. 

-^j 3^2> 4S. 




*Miigge,/(J. Min., 1882, II., 18. 
fFoerstner, Zs. JCr,, 5 : 363, 1881. 
tRinne,/^. Min., 1884, II., 164. 
§Penfie1d, Zs. Kr.^ 18: 499, 1891. 
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Class nndetermiiied. 



Graphite, 


Hematite, 


Hamlinite, 


Tellurium, 


Brucite, 


Florencitc, 


Arsenic, 


Pyrochroitc, 


Hematolite, 


AlIemoDtite, 


Chalcophanite, 


Martinite, 


Antimony, 


Parisite, 


Chalcophyllite, 


Bismuth, 


Cordylite, 


Svanbergite, 


Iridosmine, 


Tritomite, 


Beudantite, 


AUopallodium, 


Melanocerite, 


Nordenskidldine, 


Tetradymite, 


Caryocerite, 


Aphthalite, 


Covcllite, 


Steenstnipite, 


Coquimbite. 


Millerite, 


Fyrosmatite, 


Utahite, 


Schwaitzembergi te , 


Friedelite, 


Alunite, 


Tachhydrite, 


Constedlite, 


Jarosite, 


Ice, 


Spodiophyllite, 


Ettringite. 


Corundum, 







HEXAGONAL SYSTEM. 

Includes five classes, each with an axis of 6-fold symmetry, which 
are referred to four crystallographic axes, three interchangeable 
ones lying in one plane at angles of 60^ to each other, and a fourth 
one at right angles to the other three. 

23. Hexagonal pyramidal Class. 

(Hemimorphic tetartohedral, 10.) 



a 



..^ 



Nephelite. 



*Baumhauer, Zs. Ar., 6: 209, 1882; 18 : 61 1, 1891. 
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24. Hexagonal trapezohedral Class. 

(Trapezohedral hemihedral, 9.) 



I 1^... .......4, 

V / ^ 

No examples among minerals are known. 

Barium-antimonyl dextro-tartrate potassium nitrate. 

Ba(SbO),(C4H,0,^j • KNO,. 



25. Hexagonal bipyramidal Class. 

(P3rramiclal hemihedral, 8.) 

A,S. 




Apatite, 
Pyromorphite, 



Mimetite, 
Vanadinite. 



26. Dihexagonal pyramidal Class. 

(Hemimorphic, 7.) 

Ag, 6S. 




lodyrite. 
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Beryl. 



29. Dihexagonal bipyramidal Class. 

(Holohedral, 6.) 




Connellite. 



Niccolite, 

Brdtbauptite, 

Pyrrhotite, 

Melonite, 

Tysonite, 

Noceritc, 
Penfieldite, 
Fluoccritc,  



Class Undetermined. 

Tridymite, 

Hydrotalcite, 

Fyroaurite, 

Hydrocenissitc, 

Milarite, 

Cappelenite, 

Barysilite, 

Eucryptite, 



Kaliophilite, 

Cancrinite, 

Microsommite 

LAngbanite, 

Svabite, 

Jeremejevite, 

Hanksite, 

Ferronatrite. 



ISOMETRIC SYSTEM. 

Includes five classes which are referred to three interchangeable 
crystallographic axes at right angles to each other. 

28. Tetartoidal Class. 

(Tetartoliedral, 5. ) 
3A2, 4A3. 






Ulmannite,* 
Nitiobarite. 




-•-Oik'.-..-' 



Langbeinite,t 



*Miers, Aftn, Ma^., 9:311, 1891. 
t Luedecke, Zr. A>., 29 : 255, 1897. 



96 



THE QUARTERLY. 



Sylvitc,* 



Pyritc, 

Hauerite, 
Smaldte, 
Chloanthite, 



Diamond, 
Sphalerite, 



39. Gyroidal Class. 

(Gyroidal hemihedral, 4.) 

6A,, 4A3, 3A4. 

jr «/ : *>o Ik 

A /^."^ '' •• 



»/ 









X o - . - 
•^ — ^. — 

a 



Sal-Aimnoniacf 

30. Diploidal Class. 

(Pentagonal hemihedral, 3.) 
3A2, 4A3, 3S. 




Cobaltite, 
Gersdorffite, 
Corynitei 
Spcrrylite, 



Laarile, 
Skutterudite, 

Kalinile.^ 



31. Hextetrahedral Class. 

(Tetrahedral hemihedral, a.) 

3A2, 4A3, 6S. 




Metacinnabarite, 
Tiemannite, 



Alabandite, 
Tetrahedrite, 



*BrattDS,y^. Aiin,^ 1886, I., 224. 
fTschennak, Min, Mitih., 4 : 531, 1881. 
J Wulff, Zs, Kr,, 5 : 81, 1881. 
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Tenn«iilile, 


Micisite, 


Zunyite, 


ArgTTodile, 


Heivitt, 


Phamiacosiderilr, 


CufieMiie 


Danalite, 


Boracile, 


Hanhtu, 


EalyUte, 


RhodUile. 



33. Hexoctahedral Class. 

(HolDhednl, t.) 
6A,, 4A,, 3A„ 9S. 



CMd. 




Ilercynile, 


SUwr, 


Euauriu. 


Chnile, 


A».lB.»>, 


LioDuiie, 


Hagnetile, 


Atjicntiie, 


B[nmie, 


M>Ki>e»orerrite, 


HM,ite, 


Halile, 


FrankiiDiie, 


G»len>, 


Flaorilt, 


Jaeob.ile, 


Altuie, 


Cuprite, ' 


Chrooiile, 


aiuHhRlite. 


Spind, 


Garnet. 




Class Undetertniiied. 


U«I. 




Noselite, 


PlMlDDn, 




Lazurite, 


IiMhun, 




Schorlomite, 


Filladinm, 


Hieralile, 


Aoaldte, 


Iron, 


Percy lite, 


Faujwite, 


bidhiunite, 


Kjfmersite, 


DysuulyW, 


PcDlluitUle, 


RatMonite, 




Polydjr«iw, 


Arsenoliie, 


Endeiolile, 






Pyrochlore, 


Bomilc, 


Periclase, 


Hatchettolile,. 


Col-uiile, 




MicioliW, 


Curollite. 




BeneliiK, 


Willyamile, 


BiMbyile. 


MonimoliK,. 




ZiTkelile, 


Alopite, 


PolTWgyrile, " 




uiisiti. 


Ntntokite, 


Polludle, 


Mdueliiie, 


Cenrgyrite, 


Sodallle, 


Unninite, 


Embolite. 


HiUynite. 


SiH^h^ile. 


Nrw York Citv. 


October Jl, 1901. 
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NOTE ON CHISM'S METHOD FOR THE ASSAY OF 

MERCURY ORES. 

Chism's method * was found to be extremely simple, rapid and quite 
accurate, the results depending on the amount of flux used and the care 
in heating. 

The silver cover used weighed three grams and served usually for six 
determinations. Both lime and iron filings were used as desulphurizing 
agents, but iron filings gave the best results, especially when 4C-50 parts 
were used to one part of ore. The time and degree of heat were very 
important; if heated above a dull red some mercury escapes condensa- 
tion. The results were better when the charge was heated for ten 
minutes, allowed to cool, then reheated for 3-5 minutes, than when all 
the mercury was driven off by one heating. 

The method was tried on two sulphide ores, which gave the following 
results by electrolysis from a cyanide solution f : No. i, 12.37 per cent.; 
No. 2, 67.62 per cent. 

With iron filings ore No. i gave, 12.27, 12.48, 12.36, 12.28, 12.96, 
12.42, 12 34; average 12.44 per cent. 

Oe No. 2 gave, 67.28, 67.36, 67.21, 67.12, 67.40, 67.32, 67.16, 
67.04, 67.28 and 67.13 ; average 67.23 per cent. 

G. N. Bachelder. 



* Trans, A. /. M, £"., 28, p. 444. 
t Rising & Lenher, J. Am, C. S.y 18, 96. 
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ANALYTICAL CHEMISTRY. 
By ELWYN waller. 

Magnesium, — Separation from Alkalies. Herz and Drucker {Zis, 
Anorg. Chem , XXVI., 347) It having been ascertained thct dimtth- 
ylamin, NHj(CHg)30H, will precipitate Zn quaniitatively from its 
solutions, the use of that reagent for Mg was tried and found to be ap- 
plicable. Guanidin was also found to be effective in the same way. 
Guanidin carbonate, however, is incapable of effecting complete precipi- 
tation. If separation by the caustic bases is effected in a sulphate solu- 
tion, the filtrate may be evaporated to dryness and ignited to get the 
weight of Na or K sulphate. 

Henz (Z/i". Anorg, Chtm., XXVII. , 310) finds also that piperidin 
is capable of application in a similar manner. Tetra methylammonium 
will precipitate Mg, Zn or Cu, but the precipitates are so gelatinous that 
they are exceedingly difficult to filter and to wash. 

Ferrous Oxide in Minerals, — Errors Caused by Pyrites. DeKoninck 
(Zts. Anorg. Chem., XXVI., 123). Heating in a sealed tube with 
FejCIj or Fe2(S04)3 and acid and titrating the solution obtained will 
afford results entirely erroneous if pyrites is present. The reaction ap- 
pears to be 

2FeSj 4- MFejClj + i6H20 = isFcjCl^ + 4H2SO4 } 24HCL 

Manganese in Iron. Boiling (^Jour. Chem. Soc , XXIII., 493). 
Modification of Williams' method. The Williams method affords a mix- 
ture of gelatinous Si02 and Mn oxide, which is slow to filter. The 
author dissolves 5 gms. borings in 75 cc. HNOj (gr. 1.20) and then 
adds about 10 cc. HF, and evaporates low. Then, after dissolving in 
100 cc. HNOg (gr. 1.42) and boiling, asbestos is dropped in, to which 
the most of the Mn oxides adhere when followed by KCIO3 (about 
7 gms.). Filter in a carbon tube, wash twice with strong HNO3, then 
with cold water, transfer to solution containing 50 cc. of standard 
FeSO^ and titrate with permanganate, after all Mn oxide has been* dis- 
solved. The solutions should be standardized on a pig (or spiegel) in 
which the Mn has been gravi metrically determined. 

Volumetric for Zinc. Walker {Jour. Chem. Soc, XXIII., 468). The 
method is on the lines of Stolba's alkalimetric determination of Mg, viz., 
titration of the alkalinity of the precipitated ZnNH4P04. 

To the Zn solution (which should contain NH^Cl) add excess of 
NH4OH, then a large excess of NajHPO^. Cautiously neutralize the 
NH4OH. Near the point of neutrality the precipitate clouds the solution. 
Then heat to 75° C, and stir well, continuing the addition of acid until 
neutrality is reached, or until the odor of ammonia is very faint. The 
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precipitate should now be crystalline, and after a few minutes* standing 
may be filtered. Wash with cold water until the washings show only a 
faint trace of chlorides. Then place filter and all in the beaker in which 
precipitation was efftcted, add a measured amount of standard acid, and 
titrate back with standard alkali. The reaction is : 

ZnNH^PO^ + HaSO^ = ZnSO^ + NH4H3PO4. 

I cc. normal acid = 0.0327 gm. Zn. 

The presence of Mn interferes with the accuracy of the results, but Ca, 
Mg or Fe do not. The excess of NH^OH dissolves the ZnNH^PO^ 
free from the Ca and Fe precipita'es under the conditions produced, and 
these may be filtered out, before proceeding to neutralize. The condi- 
tions of temperature and neutrality prevent the separation of Mg with the 
Zn compound. 

Qualitative for Cobalt, Treadwell {Zts, Anorg, Chem.y XXVI., 108). 
Morell, also Vogel, have mentioned the blue color obtained by addition 
of concentrated NH4CNS, which is destroyed by dilution, but dissolves 
in amy I alcohol with a blue color. Ferric salts give the well-known red 
color which also dissolves in amyl alcohol, but if some NaOH is added 
the color due to the ferric reaction is destro}ed, leaving the blue due to 
Co. An examination of the material dissolved in the amyl alcohol 
showed it to be Co(NH J2(CNS)4. 

Arsenic in Coal and Coke, Wood, Smith and Jenks {/, S, C /., XX., 
437). In connection with the presence of arsenic in beer, investigations 
have been made as to the presence of As in the fuel used in kiln-drying 
the malt. 

The method for analyzing the coal or coke consists in placing 5 to 15 
gms. of the fuel broken into pieces about the size of small peas in a com- 
bustion tube about 20 mches long, one end of which is drawn out 'nto a 
tube of small bore, which is bent downward and passed through the cork 
of a bottle or flask, so that the products of combustion may be passed 
through dilute (As- free) HjSO^. Nearer to the charge, about i inch of 
the tube is left of full caliber to leave a bulb for condensation, and next 
to the charge is made a constriction in the tube (to about 2 mm. diam- 
eter). After charging the tube, air is drawn through it (and through the 
dilute H2SO4) and heat is applied progress vely to burn the fuel com- 
pletely to ash. When this operation is completed, the ash is shaken from 
the tube, and analyzed for As, giving *« Fixed As." The As found in the 
condensation bulb and in the H2SO4 washer is determined as "Volatile 
As.'' By this method As, both fixed and volatile, has been found in sev- 
eral samples of fuel used for this puniose. 

Archbutt and Jackson (y. S. C, /., XX., 448) oxidize 50 gms. of the 
fuel in a retort by the aid of strong HNOg fgr. 1.42) and carefully apply- 
ing heat, which is maintained for a couple of hours. The material is then 
extracted with hot water, and the solution evaporated a few times with 
H,S04 to expel all HNO3, and finally the As is distilled off with addi- 
tion of NaCl and FeSO^. 

Arsenic in Paris Green. Avery and Beans (^Am, Jour. Chem, Soc, 
XXIII. , 485). Pulverize an average sample, weigh out 0.2 to 0.3 gm., 
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mix with about 2^ cc. water, and HCl enough to dissolve, then add 
Na^COg until a slight permanent precipitate is formed, which is brought 
into solution by addition of 2-3 gms. alkaline tartrate. Dilute to 200 
cc, add solid NaHCOj, and starch and titrate with standard I solution. 
The blue coloration due tj Cu present does not prevent a sharp end re- 
action. 

Arsenic Tests. — Influence 0/ Selenium. Rosenheim (C.N., LXXXIII. , 

277). 

1. The Marsh test give; no indication of Se if As is present. 

2. The magnitude of the As mirror is influenced by the presence of Se. 
Under some conditions its formation is prevented. 

3. Reinsch*s test is applicable for the detection of Se, and if Ag foil is 
used the Se may be entirely separated from the As. 

4. None of the above mentioned tests are applicable for the estimation 
of Se together with As in complex organic liquids. 

In the Marsh test, Se may be precipitated by organic matter, or may 
form AsjSeg if Se is in excess. 

Tin in White Metal Alloys. Ibbotson & Brearley (C. iV:, LXXXIV. , 
167). Titration of the Sn by oxidation with N/io I solution is applic- 
able. It is found that r^/^ solutions of stannic chloride are not reduced 
by metallic Sb. 

Boiling the HCl solution of the alloy with metallic Fe reduces the Sb 
to metal, and the Sn to the ous form. After making sure that the Fe has 
aU been dissolved, one miy cool in an atmosphere of inert gas (CO^, 
etc.) and titrate the Sn by N/io I solution.. Incidentally the Sb may be 
filtered off and weighed. 

Boiling with metallic Sb (produced by use of Fe) affords SnCl,, 
which may be titrated accurately in case of the presence of Fe, Cr, Ni, 
Zn, Mn, Al, Co, P2O5, S, etc. Special treatment is required in ca^e of 
the presence of Cu, Pb, Bi, Mo and W. In presence of As, whether ic or 
ouSy the interference is marked. 

Copper Sulphocyanide. Van Name (^Am. Jour. Sci., X. 451). 
Rivot's method of weighing Cu2(CN)2S2 was adversely criticised by 
Fresenius, on account of the difficulty of drying the product on weghed 
filters. By using an asbestos felt in a Gooch crucible, this difficulty i- 
avoided. Test analyses were made using (NH4)HSOg for reductions 
The presence of free acid retards precip tation perceptibly, so that it i. 
well under ordinary conditions to allow to stand for 12 h3urs before fils 
tering. Wash with cold water, and dry for 2 to 3 hDurs at 110°. 
Longer heating is liable to give a slight increase in weight. The results 
were very satisfa- 1 ^ry. 

Lecui and Cadmium Ferrocyanide. Miller & Fisher (y. Am. Chem. 
Soc.f XXII., 537). The composition of these compounds has been found 
to vary som::what according to the condition produced in the solution. 
Titration of the e elements by use of ferrocyanide is therefore dependent 
(as to stand trd) on the conditions obtained in the solution with which 
one may work. 

Separation of Tellurium from Lead. Fay and Gillson (Am. I. M. E., 
Mexican Meeting, Nov., 1901). In investigating alloys of Pb and Fe, 
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the method of separating those elements found to be most trustworthy, 
rapid and efficient, consisted in heating weighed quantities of the alloys 
in a current of CI gas, at a temperature near the fusini( point of PbCi,. 
Under these conditions Fe distilled off completely as chloride. 

Method for Titrating Silver. Andrews {Zts. /. Anal. Org. Chem.y 
XXVI., 175). Pisani's method of titrating with starch iodide solution 
with some modifications was found to be usable in solutions containing 
free HNOg. The starch iodide solution is obtained by rubbing together 
50 gms. purified starch with 8 to 9 gms. purified iodine, adding 100 cc. of 
water and heating to boiling temperature in a sealed tube or in a flask 
with return cooler, diluting, and filtering. The N/i 00 solution is most 
convenient for use. The Ag solution may contain free HNOg up to 5 
per cent. Approximately as much ferrous iron as there is Ag should be 
added, as also a corresponding amount of ferric salt. The iron salts are 
most conveniently added as sulphates, but in solutions which are too con- 
centrated erroneous results will be obtained in consequence of precipita- 
tion of Ag3S04. 

The end reaction is when a slight excess of starch iodide imparts a 
permanent blue tint to the solutions. 

Thorium Nitrate. Mulhmann and Baur (^Berichte, XXXIIL, 2028). 
Commercial Th(N03)4 in boiling solution was fractionally precipitated 
by KjCr^Oy. The first precipitations consisted of yellow microcrystal- 
line Th(Cr04)2» 3H2O. The last po tions were olive green and 
contained but little Th. The purified ThO^ obtained from the first pre- 
cipitations gave a very superior article for lighting purposes. 

Selenium in Sulphuric Acid, Jouve {Bull. Soc. Chem. [3J, XXV., 
No. 9). The most serviceable tests are : (i) Blue coloration with codein 
(reaction is also produced by morphine), sensitiveness i : 200. (2) SO^ 
passed through the acid (hot) after dilution with four volumes of water; 
red precipitate ; sensitiveness i : 100,000. When the Se is in SeOg state 
the codein reaction fails utterly, and the SOj reaction is only obtained 
with difficulty. On passing raw acetylene gas (C^Hj) through the acid, 
and then diluting, the SO, reaction is readily obtained, and the sensitive- 
ness of the test is found to be i : 100,000. 

Chloride.— New Blowpipe Test. Nichols (^Am. Chem. Jour , XXV., 
315). The author notes that a bit of filter paper when moistened with 
cobalt solutions and warmed (dried) assumes different colors according 
to the acid with which the Co is combined, e. g.y chloride — blue; bro- 
mide or iodide — green; nitrate — red, deepening by warming; mixed 
nitrate and chloride, give the same effect as chloride, alone. 

The method consists in pulverizing the assay piece with KHSO4 — 
placing the mixture in a tube, closed at one end — inserting into the open 
end a bit of filter paper moistened with Co(NOg)2, and fusing the assay. 
If chlorides are present the paper turns blue. For Br or I the test is 
much less r elicate, but may be used in some cases. 

Cyanide in Laming' 5 Mixture. (J. f. Gasbel u. Wasservers, XLIII.) 
Treat 10 gms. of the mixture in a 500 cc. flask with 50 cc. of 10 per 
cent. NaOH, at ordinary temperatures, shaking frequently, for some 
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hours (about 15 hrs.). Then fill to the mark, and add 5 cc. more to 
allow for the volume of the mixture. Filter off 50 cc, which is run into 
ID to 15 cc. of a warm solution containing per liter 200 gms. ferric alum 
and 100 gms. H2SO4. Heat this mixture on the water-bath until the 
"sweetish odor" is no longer apparent. Filter hot and wash with hot 
water until the washings give no reaction for H2SO4. Then put paper 
and all into a flask with water, and bring to boiling. Add a measured 
quantity of N/5oNaOH in quantity sufficient to dissolve the Prussian blue 
completely, and titrate back the excess of NaOH with N/50 acid. The 
appearance of a permanent green tint marks the end reaction. If the 
solution is not kept at boiling heat the green tint may appear before all 
alkali is neutralized, i cc. of N/5oNaOH ~ 0.00 143 1 Prussian blue 
(Fe,Cy„). 

Carbonic Acid in Water. Elms and Beneker (y. Am. Chem. Soc.^ 
XXIII., 405). Examination was made by : 

Pettenkoter's method, viz., adding to 100 cc. of the water in a bottle 3 
cc. BaCl, solution, 3 cc. saturated NH^Ci solution and 45 cc. Ba(OH)2 
solution (approximately 0.05 normal) stoppering tightly, allowing to stand 
1 2 hours pipetting off an aliquot portion of the clear solution, and titrating 
back with standard H^SO^ (0.02 normal) with rosolic acid indicator. 

Trillich's method, which is a modification of Pettenkofer's in which 
5 cc BaClj solution is used — no NH4CI, and using phenolpthalein as 
indicator; to obtain total CO, in presence of suspended carbonates, 
Trillich uses standard HCl and cochineal indicator. 

Seyler's method (Lunge-Trillich) titrating with standard Na^CO, so- 
lution and phenol phthalein indicator. Based on the neutrality of the 
indicator to bicarbonates (RHCO3). Some irregularity of results were 
found to be inevitable in consequence of the disposition of solutions 
(even of distilled water) to absorb perceptible amounts of CO, from air. 
The results were checked so far as possible by use of Hehner's method. 
Pettenkofer's method gave at times erratic results, which in any case 
were usually low. Trillich's was more uniform, but the results were ap- 
parently about 5 per cent. low. The Seyler method appeared to be the 
one most readily applied, and most accurate, though giving results prob- 
ably about 3 per cent. low. 
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NOTES ON MINE HOISTING ENGINES. 

By ROBERT PEELE. * 

Formerly, in the design of hoisting engines, there was a greater 
diversity of practice than now prevails. Vertical engines were 
common in Europe, and by many engineers were preferred to those 
of the horizontal patterns. They were of the vertical, direct-con- 
nected, as well as the well-known overhead beam type. In the 
early days of mining in this country, hoisting engine design was 
based largely upon European practice. Within about twenty-five 
years, old-fashioned beam hoisting engines were still in service- 
on the Comstock Lode, and in a few other prominent mining dis- 
tricts. At present, however, the simpler and less expensive hori- 
zontal engine has, in general, superseded all others. Important 
exceptions are to be noted here and there, as, for example, the 
large modern inverted vertical engines of the Calumet and Hecla 
copper mine, as well as the recent powerful plants of somewhat 
similar design installed at several shafts of the Anaconda mine^ 
Montana. Nevertheless, these isolated examples cannot be con- 
sidered as characteristic of American practice, nor are they likely 
to be followed to any considerable extent elsewhere in installing 
hoisting plants for properties of moderate size. 

Not many years ago, a hoisting plant would have been slowly 
evolved from the designing room and pattern shop of the engine 
builder. But it may be said now, with some degree of accuracy, 
that the era of ready-made machinery has been reached. A small 
hoisting engine can be obtained in any large city at short notice, 
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and for a large one the builder has standard plans and patterns 
ready for promptly filling an order. Only in the case of the larg- 
est and most elaborate plants is it necessary to wait for them to be 
designed throughout, in the ordinary sense of the word. The 
builder has learned the needs of the miner, and is not compelled 
to revert to first principles in beginning; his design. Though there 
are many variations in details, still, as the result of experience and 
profiting by the mistaken of others, he has reached certain stand- 
ards. Thus, several years ago, an elaborate direct-acting, double 
reel hoist, with 3o''x72" Corliss engines, for a copper mine in 
the Northwest, was designed and delivered by the builder within 
four months from the receipt of the order. There is latitude in the 
scale of prices, but such differences are apt to measure the quality 
of the workmanship. A hoisting engine must be thoroughly well 
made, and the assurance that it may be depended on, and will not 
have to be shut down frequently for repairs, is of more importance 
than a little saving in first cost. 

A mining engineer is rarely called upon nowadays to design 
any important piece of machinery, such as a hoisting engine. If 
he were to attempt it the outcome would be dubious. Even should 
he be a sufficiently competent mechanical engineer to make a good 
original design, the result would cost much more than a plant of 
standard pattern, and, as new drawings and patterns would have 
to be made, the time required for construction would be in- 
creased. An engineer will usually serve his employers better by 
applying himself to the installation of the plant as a whole, its se- 
lection, arrangement and erection. His first duty is to study care- 
fully the conditions, i. e.^ as to the depth of shaft, maximum prod- 
uct required per hour, maximum load to be hoisted at one operation, 
average speed of hoist, whether the hoisting is to be done in a sin- 
gle shaft compartment, or with the dead load counterbalanced in 
two compartments, whether a geared or direct acting engine is ad- 
visable, and whether the drums are to be fixed upon their shaft or 
capable of being operated independently by means of clutches. 
The physical characteristics of the deposit and the proposed 
method of mining must also be considered. If the shaft is to be 
deepened from time to time, in the course of the development of 
the mine, the rope capacity of the drums becomes a factor, as 
well as the question whether to use cylindrical or conical drums. 
Having determined these points an outline specification can be 
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submitted to the engine builder and designs and estimates ob- 
tained. 

Hoisting in shafts is an operation governed by peculiar condi- 
tions which distinguish it from the work usually required from 
steam engines. These conditions may be stated as follows : 

1. Hoisting is Essentially Intermittent in its Character, — A trip 
from the bottom to the top of a deep shaft may occupy only thirty 
or forty seconds, including starting, getting up speed, slackening 
and stopping. Then, except under pressure of rapid work, the en- 
gine may be at rest for some time. 

2. The Work to be Done by tfie Engine is Exceedingly Variable. — 
This is due to the varying weight of the rope, the rapid fluctua- 
tions in speed, and the unavoidable imperfections of the arrange- 
ments by which the cage is guided in the shaft. 

3. Importance of T/wrough Manageability, — The engine must be 
under complete control, and capable of being started promptly at 
any point of its stroke, or stopped within a single revolution of the 
drum. 

4. Requirements as to Speed, — Great speed is required in many 
cases where the shaft is deep and the output large, because the use- 
ful weight raised at one operation forms but a small part of the 
days production. For example, in regular hoisting in a 3,SCX>-foot 
shaft of the Tamarack mine, Michigan, the maximum speed reaches 
about 5,500 feet per minute. 

5. Resetve of Power, — Power is necessary as a consequence of 
speed, and a considerable surplus of power is always desirable, be- 
yond that which is required merely to lift the load, in order to at- 
tain speed rapidly and to overcome the variable and abnormal 
resistances, some of which can be neither calculated nor prevented. 

General Features of Hoisting Engines, — In this country, as al- 
ready stated, there is hardly a difference of opinion as to the 
choice between vertical and horizontal engines. It has been 
claimed in favor of the vertical engines that they occupy less space, 
and that vertical cylinders wear better than horizontal. But it is 
rare, in mining districts, that the first of these considerations would 
have any material weight, and as to the second, experience does 
not show that the reputed irregular wear of horizontal cylinders is 
at all a serious matter. It has often been observed that the heavy 
pistons of large cylinders cause but little abnormal wear, and in 
fact back piston rods, which formerly were often used to reduce 
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this supposed wear, have been very generally abandoned as un- 
necessary. 

In considering the hoisting engine from a mechanical engineer- 
ing point of view, the type form of ordinary intermittent- running 
engine, in contradistinction to the constant-motion hoist, may be 
taken for discussion. 

As it is of prime importance that the engine shall be perfectly 
manageable at all points of the stroke, it is evident that a pair of 
cylinders must be employed. By coupling them to the same 
engine shaft the whole mechanism is better balanced and stronger 
than if the same power were developed in a single cylinder. More- 
ever, there can be no dead center, because the cranks are set 
" quartering," — that is, at ninety degrees apart — so that the move- 
ment of the drum or drums is under complete control in starting 
and stopping. Since one of the cranks may be on a dead center 
at the instant of starting the engine, one cylinder must be capable 
of raising the load without help from the other. The two cylinders 
provide the necessary reserve power for overcoming the inertia of 
the load, and rapidly attaining the desired hoisting speed. Re- 
versing gear — generally of the link-motion type — is provided for 
all intermittent-running hoisting engines of any considerable size. 
Small hoists, having but one drum, or when the drums are inde- 
pendent and operated by clutches, are often built without reversing 
gear. The engine is then run only while hoisting, the lowering 
being done by the brakes. 

The service demanded from hoisting engines is severer than 
that required from ordinary stationary engines. The intermittent 
character of the work ; the reversing (in the case of most engines) 
every few minutes or even seconds; the abnormal strains and 
shocks caused by the liability of the cages to bind or stick in the 
guides, if the latter should get a little out of line, or become de- 
ranged ; the frequent starting of a load with slack rope ; all these 
circumstances unite in making a peculiarly trying service. By care- 
ful running on the part of the engineer, and constant attention to 
all parts of the running gear — including cages, guides, ropes and 
sheaves — the work of the engine is eased, but hoisting plants, in 
the nature of things, are often more imperfectly cared for than the 
power plants of mills, factories, etc. In consequence of these 
conditions hoisting engines should possess the maximum sim- 
plicity and strength of construction, and an extra large factor of 
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safety should be used in calculating the dimensions of the various 
parts. 

Proportions of Cylinders. — A great diversity of practice prevails 
in proportioning the cylinders of hoisting engines, 1. ^., as regards 
the ratio of stroke to diameter. For small sizes, up to say 14'^ or 
\&^ stroke, the diameter, in round nunibers is usually about two- 
thirds the length of the cylinder. In larger sizes the length in- 
creases faster than the diameter. Thus, while we have f x 10", 
8'^ X 1 2", or 10" X \&' cylinders in small standard hoists^ for larger 
engines there are such sizes as: I4''x24", i8"x32", i8"x48'' 
and even an occasional I8'^x6o'^ Again, there are such dif- 
ferences as 2o''x3o" and 2o"x6o''. In general, for the larger 
engines the length of stroke is from one and three-quarters to 
three times the diameter of the cylinder. 

While, in view of these wide variations, it is plain that no exact 
rule can be laid down for proportioning the cylinders of hoisting 
engines, several reasons may be adduced in favor of adopting a long 
rather than a short stroke. 

First In manipulating the working levers for landing the cage, 
it is important that the engineer shall be able to control with exact- 
ness the movements of the cage, and to stop it within narrow 
limits of distance. To accomplish this there must not be too 
great a disproportion between a given distance traversed by the 
engine piston and the corresponding distance traversed by the 
cage. In a direct-acting engine, while the piston is moving the 
length of the cylinder the drum makes half a revolution. With a 
drum of given size, therefore, the longer the stroke the larger be- 
comes the relative scale of movement of the piston, and the slight- 
est change in the position of the cage is accompanied by an ap- 
preciable movement of the piston. 

Second. Leakage of steam past the piston (between the piston 
and the cylinder walls) occurs to some extent in all engines, and 
under normal conditions varies with the diameter of the cylinder. 
With small diameters, not only is this leakage diminished, but the 
first cost and maintenance of a long slender cylinder is less than 
that of a short stroke, large diameter cylinder, of equal volume. 

Tnird. Leaving out of account the diameter of the drum, the 
power developed by a hoisting engine depends upon the length of 
crank and the force applied to it behind the piston. The effective 
length of the crank arm is equal to one-half the stroke of the 
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cylinder. Hence, by increasing the length of crank, or, what is 
the same thing, increasing the length of cylinder, the force ap- 
plied to the crank may be diminished. This force is composed 
of the steam pressure, multiplied • by the area of the piston in 
square inches. To transmit the same power, it is evident that the 
piston, piston rod, crank and crank pin, must be heavier and 
stronger for a short than for a long stroke ; that is, for a cylinder 
of a large diameter than for one of small diameter. When of large 
diameter, also, the cylinder walls must be thicker, to resist the 
greater total internal pressure, and to maintain with accuracy the 
shape of the cylinder as it lies on its side, /. ^., to prevent deforma- 
tion. For horizontal hoisting engines, therefore, in which great 
strength is so important, the cylinders are preferably long rather 
than of large diameter, and the advantage gained increases with 
the size of the cylinder. Where economy of floor space is an 
object the ratio of diameter to length may be increased, since this 
shortens up the entire engine. It may be added that, with ver- 
tical engines, there is no tendency to deformation of the cylinders, 
and their proportionate diameter is usually greater than in hori- 
zontal engines. 

Hoisting engine cranks may be either of the straight arm or 
disk pattern. Except for very large engines disk cranks are in 
most common use in the United States. Small disk cranks are of 
cast iron ; when larger preferably of steel. Unless it fits perfectly 
there is sometimes difficulty in keeping a cast-iron crank tight, 
upon a hoisting engine shaft, on account of the frequent reversals 
and the shocks to which it is subjected. The peripheries of large 
disk cranks are often utilized for applying auxiliary band brakes in 
addition to those on the drum. 

Methods of Using the Steam. — The conditions of hoisting, in the 
case of a single cylinder engine, would best be met by taking 
steam throughout the whole stroke ; with a pair of cylinders there 
is no objection to cutting off the steam at seven- eighths or three- 
quarters stroke, or sonietimes even less. Working entirely with- 
out cut-off, as isJ often done, is of course a wasteful method of 
using steam, since there is exhausted at each stroke a cylinder 
full, or nearly full, of steam which has done no work by means of 
its potential power of expansion. Such practice seems unreason- 
able. Even in colliery work, where, because of its relatively low 
value, fuel is most apt to be wastefully used, there is no good ex- 
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cuse for working so uneconomically ; much les§ so in regions 
where the fuel bill may be the largest item in the monthly supply 
account. It may have to be done in some cases, when the plant is 
small, or where the engine is too small for its work, owing either 
to a blunder at the beginning, or to an unexpected increase in 
the duty required from it ; but in erecting a new plant the engi- 
neer should see to it that an engine is installed of sufficient size 
to afford a fair margin of reserve power. Such an engine may 
be operated with a higher rate of expansion, or for a large plant 
the cylinders may be compounded. In this connection, how- 
ever, some caution should be observed. When the develop- 
ment of a mine makes necessary the deepening of a shaft from 
time to time, a much more powerful engine may be installed 
than is required for immediate needs, even after making due 
allowance for the surplus power demanded for rapidly attaining 
hoisting speed. Under these circumstances the engine will be 
operated too much of the time with the steam partly throttled, and 
as a result the mean cylinder pressure maybe so low in proportion 
to the back pressure as to interfere seriously, in a non-condensing 
engine, with a free and active exhaust. Aside from the question 
of first cost this points to the desirability of avoiding excessive al- 
lowances in determining the size of the cylinders. The tendency 
of late has been toward greater economy in the use of fuel, even for 
colliery plants, and it may be stated as a general rule that, when, 
ever the circumstances will permit, expansive working engines 
should be employed. But it should be borne in mind that these 
conditions are operative only for the larger plants. Small hoists^ 
which are in the majority in mining regions, are exempt from crit- 
icism on these grounds for two reasons : firsts it would be impos- 
sible with small engines by working expansively to effect more 
than a slight saving in the consumption of fuel; second, in small 
plants the chief requisites are simplicity of mechanism, lightness 
and moderate first cost. 

It is necessary to keep in mind the general conditions : the engine 
mustbe capable of exerting its whole power at any point of the 
stroke ; it may be necessary to start or stop suddenly, and with the 
load on, at any point in the shaft, and human life may depend 
upon there being no uncertainty in the control of the engine. Now, 
a cut-off* early in the stroke requires a high initial pressure ; the 
shorter the cut-off*, the greater is the relative decrease in pressure 
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towards the end of the stroke, and consequently the greater the 
variation in the engine's power throughout the stroke. A high 
rate of expansion also means low mean pressure, and this, in turn, 
involves large cylinders In constant-running engines the periodic 
decrease in power throughout ever^ stroke, due to expansion, is 
offset and equalized by the inertia of the fly-wheel ; but fly-wheels, 
as a rule, have long sinc;: been discarded from hoisting engines. 
They are dangerous when applied to an engine which must of 
necessity be stopped or reversed after a few seconds' or minutes' 
run, and which may have to be stopped or reversed suddenly, at 
any time during a single operation. 

The hoisting engine, then, is generally denied the equalizing 
effect of the fly-wheel (though it may be pointed out that in large 
engines the drum itself in a measure acts in this capacity), and in 
the attempt to attain economy by using steam expansively the very 
difliculties are encountered which above all things should be 
avoided, viz,^ variation in power at different points of the stroke, 
and complication of the mechanism. Nor has the condenser the 
same opportunity to exhibit its good points, in the intermittent 
and irregular operations of hoisting, as with a continuous running 
engine. The condensing arrangements, moreover, are liable to 
derangement and to cause trouble at critical times, especially in 
small plants, where the hoisting engine may frequently be idle for 
considerable periods. In view of all this it might appear hardly 
reasonable to attempt to introduce into hoisting engise practice 
the various economies which form such important features in other 
branches of steam engineering. In a measure this conclusion is 
justified, but it is possible to exaggerate the importance of retain- 
ing simplicity of construction. Until recent years it has been 
customary to work even large hoisting engines without condensa- 
tion, and with no more expansion than that which is due to the 
" lap " and " lead " of the valves. Experience has shown, however, 
that for large plants these refinements may with advantage be 
introduced. 

In adopting expansive working for hoisting engines three things 
are essential : 

I. The expansion gearing must be such as to vary the point of 
cut-off according to the varying resistance of the load on the en- 
gine. That is, the power developed during each stroke must be 
proportionate to the resistance. A liberal allowance in calculating 
the diameter of the cylinders is necessary. 
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2. The gearing must be capable of being thrown on and off, at 
any instant, so as to be able to start, stop or reverse the engine, in 
whatever position the cran]<s may be. There must be provision at 
least to throw the gear on or off at either end of a stroke. 

3. The gearing and its levers must be so designed as to be 
manipulated by the engineer conveniently and with certainty, with- 
out distracting his attention. He is' already sufficiently occupied 
by necessary attention to the throttle, brake and reverse levers. 

Expansion gearing meeting these requirements has been devised 
and introduced in a variety of forms. It applies particularly to the 
larger engines — say of not less than 150 horse power — in which 
the fuel consumption is an item of importance, thus affording op- 
portunity for saving. The percentage of saving would be most 
marked in hoisting in deep shafts, and where the engine is kept in 
fairly constant operation. Also, for large engines, where fuel is 
expensive, condensing apparatus may with advantage be intro- 
duced in addition to expansion gearing. Tl^ese appliances, of 
course, increase the first cost of the plant. The slowness with 
which ideas looking towards greater economy in hoisting have 
made their way is explained by the fear of sacrificing to some ex- 
tent the strength and certainty of action so important in a hoisting 
en^^ine. But this is largely a prejudice, which of late years has 
been disappearing. 

The kind of expansion gearing which should be used is seme 
form of variable expansion g^ear. Its general operation is as foU 
lows : At the beginning of a hoist steam is admitted throughout 
the full stroke, and the cut-off is not brought into play until a cer- 
tain speed is attained. Beyond that speed the ratio of expansion 
increases automatically, until at the highest velocity the steam may 
be cut off at about one-quarter, or even earlier in the stroke. Such 
a device is not necessarily complex, and many are in successful use. 

As an example may be mentioned the variable expansion gear 
applied to the large hoisting engine at the No. 2 shaft of the 
Tamarack Mine, Michigan. A pair of 40''x84'' Allis-Corliss 
engines are coupled to a cylindrical drum 30 ft. 6 ins. in diameter. 
Both throttle and cut-off are controlled by the same hand lever, 
through a system of rods and links, in such a way that the cut-off 
gear may be thrown on or off instantly at the will of the engineer. 
The gear is inoperative when the engine is starting its load or 
moving slowly. The engineer's hand lever, by means of a bell- 
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crank arm and connecting rod and link, oscillates a light shaft run- 
ning across from one cylinder to the other. This shaft is connected 
by a link and levers directly with the throttle, and also to a cranked 
arm, whose angular position determines the point of cut-off. In 
the first half of the angular movement of the hand lever the throttle 
receives almost its entire opening. But the cut-off connecting 
rod, which is moved at the same time, is provided with a slotted 
link, so that it must be moved still farther to bring the cut-off into 
action. In the second half of the angular movement of the same 
lever the throttle receives a slight additional opening, and the cut- 
off is brought into operation. The reverse order of things occurs 
as the hand lever is pulled back to its central position and after- 
ward to its starting point; the cut-off is first thrown off and then 
the throttle is closed. While there is no limit to the size of engine 
to which this device may be applied, considerations as to cost 
would hardly warrant its use with cylinders of less than 1 8 or 20 
inches diameter. ^ 

Another form of variable expansion gear is controlled by a gov- 
ernor, so that it does not come into play until the maximum speed 
has been attained, and is thrown off again toward the end of the 
hoist when the speed decreases. With this arrangement the en- 
gineer has no control over the cut-off, which is thrown in and out 
of action without any direct relation with the operating levers. It 
allows full steam pressure at the beginning and end of the hoist, 
for starting or bringing the engine to rest; or if the resistance be 
increased for any reason during the ascent of the load, so as to re- 
duce the speed, the gear is at once thrown out by the slackening 
of the governor speed, and full steam pressure is admitted. 

For small plants, and in general whenever there are considerable 
intervals between hoists, it is better not to introduce a variable 
cut-off, but rather to use a simple valve motion, in order to keep 
down the first cost and avoid complexity of design. At mines un- 
provided with well-equipped machine and repair shops, especially 
in remote regions, complicated and delicate mechanism is apt not 
to receive efficient care. 

Compound Hoisting Engines. — For heavy work and deep shafts, 
the pair of cylinders required for intermittent-running hoisting en- 
gines may be compounded with advantage as regards economy in 
steam consumption. On one side is placed the high pressure and 
on the other the low pressure cylinder, thus forming what is known 
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as the twin- or cross-compound engine. Beyond the necessary in- 
termediate pipe connecting the two cyh'nders,and the introduction 
of a condenser, the general structure of the engine is but little al. 
tered. Another plan is to use four cylinders, a high- and low-pres- 
sure cylinder being set tandem on each side ; but this arrangement 
adds unnecessarily to the cost, and has never come into favor. 
When compound hoisting engines were first introduced difficulties 
were encountered, because at times the engine could not be got 
to start properly or promptly ; and for service in which the oper- 
ations of starting and stopping are continually repeated at short 
intervals this constituted a serious defect. In beginning to hoist 
the crank of the high- pressure cylinder may be on or near its dead 
center, so that, during a part of the first revolution of the drum, 
most of the work must be done by the low-pressure cylinder. 
But, the pressure in the intermediate steam pipe between the 
cylinders is subject to great variations, according to the point of 
the stroke at which the engine happened to be stopped. Therefore, 
the power developed in the low-pressure cylinder would sometimes 
be insufficient to raise the load. 

To regulate the steam pressure in the intermediate pipe, so as to 
average the same at all times and be always sufficient to enable the 
low-pressure cylinder to start the load without help from the high- 
pressure, an auxiliary steam pipe is required. This connects the 
intermediate pipe with the main steam pipe from the boilers, and 
the low-pressure cylinder is thus practically put in communication 
with the boilers. In the auxiliary pipe a reducing valve is placed 
to regulate the admittance of boiler steam. This valve is controlled 
by a spring, and opens automatically whenever the pressure in the 
intermediate pipe falls below a certain pressure. In other words, 
the reducing valve allows such an amount of steam to pass as will 
keep the pressure in the intermediate pipe at the same average, in- 
dependently of the position of the high-pressure cylinder valves, 
both when the engine is at work and when it is at rest. Further- 
more, to limit to the smallest amount required the quantity of steam 
passing through the reducing valve, under varying boiler pressure, 
another valve is introduced. This is a screw stop-valve (or globe 
valve) and is placed in the auxiliary pipe between the main steam 
pipe and the reducing valve. Its opening is regulated by hand as 
may be necessary. A steam gauge is put on the intermediate pipe, 
and by increasing or diminishing the opening of the stop- valve any 
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desired pressure may be maintained to insure prompt and effective 
starting of tiie low-pressure cylinder. By means of this device the 
compound hoisting engine becomes ^as«maiiageable as an ordinary 
two-cylinder high pressure hoist. 

Another method for accomplishing the same result (employed 
in one of the large Calumet and Hecla plants) is to run a small 
independent live-steam pipe directly to the chest of the low- 
pressure cylinder. This pipe is a branch of the main steam pipe, 
and has a special throttle under the control of the engineer. In 
starting, the throttle ot this auxiliary pipe may be momentarily 
opened by the engineer, and is then closed during the remainder 
of the hoist. Its function is simply to furnish the necessary steam 
for starting the low-pressure cylinder when the latter, at some 
points of the stroke, cannot receive enough steam from the exhaust 
of the high-pressure cylinder. 

While recognizing the advantages obtained by compounding the 
cylinders of hoisting engines, it is nevertheless apparent that the 
conditions under which a hoisting engine is operated are much 
less favorable than those existing with constant-running engines 
In the case of the latter an important factor in economizing steam 
consumption is the avoidance of large variations of cylinder tem- 
perature. Considering a single stroke only, the shorter the cut- 
off the greater is the total drop in temperature due to the expan- 
sion of the steam in the cylinder, and consequently the greater the 
amount of condensation. With an ordinary rate of cut-off — say at 
0.2 of the stroke in the high-pressure cylinder, and 0.3 or 0.35 in 
the low-pressure cylinder — the range of temperature, and conse- 
quently the condensation, is moderate The cylinder temperature 
is equalized and maintained, moreover, by the regular periodic 
admission of fresh steam. 

A hoisting engine on the other hand, makes comparatively but 
a few consecutive strokes, and then remains at rest, even under 
favorable circumstances, long enough to permit a considerable drop 
in cylinder temperature. Not only may the steam remaining in 
the cylinders have time to condense, but on starting again the in- 
coming steam is brought into contact with the relatively cool 
cylinder surfaces, and a large amount of condensation results. In 
starting the load from the bottom of the shaft the valve gearing of 
the high-pressure cylinder is often arranged so that for several 
strokes the cut off is at three-quarters or even seven-eighths stroke. 



NOTES ON MINE HOISTING ENGINES. 117 

When speed has been attained the cut-off is automatically short- 
ened, and, in deep shafts without provision for equalizing the 
varying weight of the rope, the steam is entirely shut off long be- 
fore the cage reaches the surface. At the beginning of the cycle 
of operations, therefore, while getting up speed, a large volume of 
boiler steam is admitted under the long cut-off, and the tempera- 
ture of the cylinders is raised to a high degree. This condition 
lasts not more than say 5 to 8 seconds; then, in a deep shaft, the 
engine may work with shortened cutoff, say 20 or 30 seconds, and 
finally, after the steam is entirely shut off, the last 10 or 20 seconds 
of the run are made by the inertia of the moving parts, assisted by 
the increasing wjeight of the rope on the empty cage which is be- 
ing lowered. The temperature in the cylinders, which begins to 
drop after the short cut-off is brought into action, falls still farther 
in the third stage of the hoist, when the steam is shut off, unless 
the engine is reversed and steam again admitted to check the 
speed, as may be necessary when the weight of the rope is unbal- 
anced. Afterward, while the engine is at rest during the handling 
of the cars, the cooling goes on progressively. Besides all this 
during the run the cooling influence of the condenser is exerted on 
the large surfaces of the low-pressure cylinder, producing much 
condensation of the steam coming from the high-pressure cylinder. 
What precedes applies particularly to direct-acting compound 
hoisting engines which, being usually provided with drums of large 
diantcter, can work consecutively for a few strokes only, even when 
the shaft is deep. Engines geared, say 5 to i, for a slow hoisting 
speed, are in operation a larger proportion of the total time, and 
the fall in temperature and resulting condensation should be smaller. 
. Notwithstanding the existence of the unfavorable factors in com- 
pound hoisting engine practice, as above outlined, it cannot be 
doubted that satisfactory results will be produced when working 
under proper conditions. Reliable tests made on compound and 
expansive-working simple engines have shown an economy in 
steam consumption of from 12 to 30 per cent, in favor of the com- 
pound form. The conditions to be aimed at may be summarized as 
follows: (i) The intervals between the hoists should be reduced 
to a minimum. (2) The engine should be run under steam 
with the short cut-off throughout as many strokes of each hoist 
as possible. To accomplish this successfully some one of the 
devices for equalizing the load on the engine should be intro- 
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duced. (3) The initial steam pressure should be high and the cut- 
off gear arranged to produce a low terminal pressure. (4) A re- 
heater should be placed between the cylinders for restoring to the 
steam part of the temperature lost in its partial expansion in the 
high-pressure cylinder, and the cylinders themselves should be 
steam-jacketed. In one test on record, the disconnecting of the 
steam jackets caused a loss of 3^ per cent, of steam. 

Entrained Water tn Hoisting Engine Practice, — In general the 
question of entrainment of water with the steam as it passes 
from boiler to engine cylinder is more nearly related to the produc- 
tion than to the use of steam. It has, however, a peculiar and im- 
portant bearing upon hoisting engine practice, chiefly because of 
the relatively large cylinder volumes and the intermittent char- 
acter of the service. Any boiler which is too small for its work, 
and must, therefore, be forced, is likely to furnish wet steam, 
especially if the steam space — or that unoccupied by water— be 
small. Active ebullition may cause considerable quantities of 
water to be carried over mechanically by the steam. 

This effect is likely to be produced to a marked degree in nearly 
all types of boiler if the engine works intermittently. During the 
intervals between the hoists, in which the steam consumption 
ceases, the temperature of the mass of water in the boiler rises 
under the increase of pressure. When the engine is started, unless 
the boiler possesses a large reservoir capacity for steam, the pres- 
sure falls, and with large engines an excessive depression may be 
produced within a short period of time. Violent ebullition en- 
sues, steam being formed with great rapidity in the superheated 
mass of water. 

Take, for example, a hoisting engine in one of the well-known 
Lake Superior copper mines, the cylinders of which are 40 inches 
diameter by 7 feet stroke. When taking full steam at the begin- 
ning of the hoist these cylinders require a volume of about 120 cu. 
ft. of steam per revolution. Such an engine, working at from 50 to 
55 revolutions per minute, acts periodically like an exhaust pump, 
and requires a large steam reservoir capacity in the boilers, if the 
entrainment of water is to be kept within reasonable limits. 
Water-tube boilers, with their high steaming power, seem to be 
well suited to this kind of service. 

A " steam trap" or *• separator," placed between the boilers and 
the cylinders, is also very useful in connection with hoisting en- 
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gines. A number of these devices are on the market. Among 
the better types of separator are those in which the steam enters 
in such a way as to receive a rotary motion. The heavier particles 
of water are driven by centrifugal force against the sides of the 
chamber, and flow thence into a suitable receptacle below, the dry 
steam passing to the engine. Besides the direct loss of efficiency 
caused by using wet steam, the water tends to cut the surfaces of 
the valves, valve-seats and ports, producing leakage and hence im- 
perfect distribution of the steam. Also, in high-speed engines, 
with small piston clearances, the water which collects from wet 
steam, or from cylinder condensation, is liable to fill the clearance 
spaces at the end of the stroke and injure the engine, sometimes 
even breaking a cylinder head. All engine cylinders are fitted 
with pet-cocks for draining off the water, but those may prove in- 
adequate when the quantity is excessive, as is apt to be the case 
with hoisting engines. 

The Use of Condensers for Hoisting Engines, — To reach a proper 
understanding of the conditions a few words regarding ordinary 
steam engineering practice will be appropriate. 

Condensers may be. divided into two classes : Firsts Jet or in- 
jection condensers, in which the exhaust steam is brought into 
direct contact with a jet or spray of water. The water is forced 
mto the condensing chamber by a pump operated by the engine 
itself, or by an independent pump or engine. Second, Surface con- 
densers, in which there is no contact between the water and steam. 
The steam is condensed by coming into contact with cold metal 
surfaces or tubes, kept cool by circulating water. For surface con- 
densers the wnter supply may be furnished either by pumps or by 
gravity. Injection condensers should be employed only when the 
cooling water is of good quality, as the latter mixes with the water 
of condensation, and the resulting hot water forms the feed water 
supply for the boilers. Surface condensers, on the other hand, 
may be operated with water which, by reason of impurities either 
in solution or suspension, is unsuitable for boiler use. The hot 
water from the condenser steam, however, is pumped into the feed 
water tank. 

The use of a condenser materially reduces the consumption of 
steam (and therefore of fuel), as well as of feed-water. Incidentally, 
some saving in wear and tear and cost of boiler maintenance is 
also effected. As to compound engines in particular their very 
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theory points to the advantage of introducing a condenser. To 
utilize most completely the power due to the expansive force of 
the steam the largest practicable ratio of expansion must be em- 
ployed. As a result, at the end of the stroke in the low-pressure 
cylinder the pressure of the steam to be exhausted is very low. It 
is evident that, when no condenser is employed, the final pressure 
must be considerably greater than atmospheric pressure, otherwise 
a quick, free exhaust would be impossible. This means that the 
ratio of expansion must be reduced, or a higher initial pressure 
employed. In any case, without a condenser, the low-pressure 
piston is subjected to back pressure, due to the frictional resist- 
ance of the exhaust steam in passing out through the port, as 
well as to the atmospheric pressure against which it is discharged. 
By using a condenser not only is the pressure of the atmosphere 
eliminated, but the condensation of the exhaust steam tends to 
produce a vacuum or minus pressure, which towards the end of 
the stroke exerts a pull upon the advancing piston. Thus, the 
total range of effective pressure in the cycle of operations in a com- 
pound condensing engine is greater than the steam pressure em. 
ployed. It is equal to the initial pressure plus the diflference be- 
tween the atmospheric pressure and the partial vacuum produced 
in the condenser. These considerations apply also to simple 
engines using steam expansively. 

It is clear that a compound engine should always be provided 
with a condenser, but in the case of hoisting engines, a difliculty 
presents itself at the outset. To work properly a condenser must 
be kept in constant or nearly constant operation, in order to 
produce a steady vacuum, and avoid unmanageability in starting 
the engine. This is a requirement which cannot well be met by a 
condenser operated in connection with an intermittent-running en- 
gine. From such an engine a large volume of exhaust steam is 
discharged at varying intervals into the condenser. In the nature 
of the case regular periodic discharges cannot be maintained. Be- 
tween the successive hoists stoppages intervene, varying from a 
minimum of say half a minute to several minutes, and are often of 
much longer duration. The same trouble evidently does not exist,, 
or exists only in a lesser degree, when the hoisting engine is of 
the constant-motion type. 

The condenser for an intermittent-running hoisting engine may^ 
if necessary, be kept in operation by an independent engine. But,. 
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even this arrangement is not perfectly satisfactory, because of the 
relatively large influx of exhaust steam coming at intervals from 
the hoist. Better results are obtained when the mine plant com- 
prises several engines, as hoisting, ventilating, air compressing 
and shop engines, placed sufficiently near one another for all to 
use the same large condenser. For operating condensers it is of 
course essential that there shall be either an adequate supply of 
condenser water, or else some means used for cooling and using it 
again. When the supply is limited the hot water from the con- 
denser may be pumped to the top of a light wooden frame or 
tower, and allowed to fall through a succession of perforated trays. 
By this means the water is sprayed, so as to increase greatly the 
surface exposed to the cooling action of the air. The details of 
this arrangement are varied in numerous ways. 

Direct-acting versus Geared Engines, — A direct-acting, or " first- 
motion " hoisting engine is one in which the connecting rods are 
coupled directly to the drum shaft, the cylinders being thus placed 
some distance apart on each side of the drums and on separate bed- 
frames. Geared or '* second-motion " engines are those in which 
the power is transmitted to the drum shaft through some kind of 
gearing — either tooth or friction gearing.. The cranks are mounted 
on a shaft carrying a pinion which engages a spur- gear on the 
drum shaft. The cylinders may be placed close together on one 
side of the drums, or separated as in direct-acting hoists. 

In general, the larger plants are direct-acting where considerable 
power and hoisting speed are required, while gearing is usually 
employed for relatively small engines. The depth of shaft is, how- 
ever, an important factor in this connection, and in some mining 
districts are to be found large and powerful hoists of the geared 
type. It may be said that throughout the gold and silver mining 
regions of the West, geared engines are the rule, direct-acting en- 
gines the exception. On the other hand, in the copper, iron and 
coal regions, the reverse is the case. 

This difference in practice is accounted for mainly by the fact 
that, in the mines of the precious metals, the daily output is com- 
paratively small, and the shafts have abundant capacity to permit 
hoisting at a slow speed. But in base metal and coal mines the 
product is large, and, as speed must be had and heavier loads 
raised, direct-acting engines are generally advisable, if not indis. 
pensable. It is hardly necessary to point out that, in order to 
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raise a given load at a low speed, geared engines need not be so 
powerful as direct-acting engines, intended to hoist the same load 
at a much higher speed. For a given load, then, geared engines 
have smaller cylinders, but run at a higher speed, so far as the 
number of revolutions per minute is concerned. The ratio of the 
pitch- diameters of the pinion on the crank shaft and the spur- 
wheel on the drum-shaft (or, in the case of tooth-gearing the ratio of 
number of teeth on pinion and spur) varies generally between 
i: 3}4 and 1:5. It depends obviously upon the proportion which 
the power of the cylinders bears to the load to be raised, and upon 
the drum (or rope) speed desired. Besides the ordinary tooth 
gearing there are numerous forms of friction gearing which may 
be applied to hoisting engines. 

The idea is sometimes held that it is not good practice to employ 
tooth gearing, nor in fact any other kind of gearing, and that a 
hoisting engine should be direct-acting. While it is true that tooth 
gearing entails some loss in friction, and increased danger of break- 
age, still, the advantage of introducing it for small scale operations 
is undoubted. When the output is small good practice would for- 
bid the erection of a large direct-acting engine, capable of doing all 
the hoisting in a few hours out of the twenty-four, even if it were 
possible, v.ithin this time, to bring the day's entire product to the 
shaft, ready for hoisting. Other things being equal, the cost of a 
hoisting engine increases rapidly with the size of the cylinders, and 
when the mine is only partially developed, or its future uncertain, 
the first cost of plant is of importance. The additional cost of the 
larger cylinders, rods, cranks, bed-frames, foundations, etc., of the 
direct-acting engine much more than offsets the cost of gearing. 
The running expenses also must be considered. Whether idle or 
busy the engineer's wages must be paid, and steam must be kept 
up whether the engine averages ten minutes or fifty minutes work 
out of the hour. Moreover, geared engines can always be made 
to occupy less space than direct-acting engines ; hence, often a 
material reduction in the cost of the engine house. 

Fixed and Independent Drums, — Hoisting drums are either cylin- 
drical or conical, or for flat ropes they take the form of reels. The 
winding surfaces of cylindrical drums may be smooth, or grooved 
to receive the coils of rope. Conical drums are always grooved, 
to prevent the coils from slipping and from grinding together. 
The important question of the equalization of the load on the 
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engine due to the varying weight of the hoisting ropes, and the 
several modes of accomplishing it, including conical drums, reels, 
etc., will not be considered here. 

If there are a pair of drums keyed to the same shaft, and with 
their ropes wound in opposite directions, the hoisting is said to be 
*' in balance " ; that is, the dead loads, consisting of the cars and 
cages, counterbalance each other, so that the engine has to raise 
only the useful lead of mineral, plus the weight of the rope. With 
this arrangement there can be no independence of movement; 
when the loaded cage is being hoisted the empty must be lowered. 

Independent drums, on the contrary, are loose upon their shaft, 
and are thrown on and off by some form of clutch, either tooth or 
friction. Thus, one cage may be at rest at the surface, or at some 
point in the shaft, while the other is being raised or lowered. 
Operated in this way the maximum hoisting load consists of the 
cage, car and contents, and it is evident that more engine power is 
required than for hoisting with fixed drums. But, as a matter of 
economy in steam consumption, the clutches of both drums are 
thrown on whenever possible, so as to run the cages in balance. 
Both cages may be lowered simultaneously by the brakes, or one 
by brake and the other under steam, but they can be hoisted only 
one at a time. Obviously, it would be poor practice to install an 
engine of sufficient power to hoist both together. 

When the character of the mineral deposit, or the method of 
mining, makes it necessary to hoist at intervals from several dif- 
ferent levels, independent drums afford the maximum flexibility in 
the movements of the cages. For irregular work, also, where it 
may be necessary or desirable from time to time to confine the 
hoisting to one compartment of the shaft, independent drums are 
preferable to fixed drums. On the other hand, fixed drums find 
their chief application in mines in which all or nearly all of the 
hoisting is done from one level, as in many collieries, and some 
metalliferous mines, working flat seams or beds or segregated de- 
posits. 

With fixed drums, hoisting from several different levels may be 
carried on as required, by extra manipulation on the part of the 
engineer. It is of course necessary each time to bring the loaded 
cage to the surface, and to do this the empty cage must be low- 
ered to the bottom of the shaft. But after the loaded cage is dis- 
chai^ed, it may be lowered far enough to enable the other to be 
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raised from the bottom to any level from which it is desired to 
take the next load. The latter cage is then hoisted to the surface 
and so on. Fixed drums may be keyed separately upon a common 
shaft or bolted together, forming in effect one drum; or, a single 
drum may be used for two hoisting compartments by making it a 
little wider than is necessary to hold the rope for one compart- 
ment. As the ropes coil upon the drum in opposite directions 
they are wound in alternateiy, each occupying nearly the entire 
drum face. 

The use of fixed drums affords several marked advantages: (i) 
The whole hoisting plant is simpler and stronger than when inde- 
pendent drums are used. There are no clutches requiring atten- 
tion and which are liable to breakage or derangement. (2) In a 
double compartment shaft the cages and cars necessarily counter- 
balance each other, thus greatly reducing the net load to be hoisted. 
With conical drums or reels the weight of the rope is approxi- 
mately equalized. (3) The attention of the engineer is not so 
much taxed as when he is obliged to watch both drums and their 
indicators. He needs to attend only to the loaded cage, knowing 
when he has" decked " it that the empty cage has also reached its 
landing. Accidents, therefore, are less liable to occur. 

Brakes, — For hoisting engines the brakes are of either the 
band or post pattern. 

A band brake consists of a thin iron strap, applied to a smooth 
surface on one or both ends of the drum. The band is bent aroun<} 
the drum, its end being attached to a •* toggle " movement, oper- 
ated by a lever or a system of levers, or by a screw or rack and 
hand wheel. For small engines a single band encircles the whole 
circumference ; for larger, the band is divided into two parts, one 
passing around the upper half of the drum, the other around the 
lower half. If the drum be of large diameter the upper half of the 
flexible band will not maintain its circular form, and to prevent it 
from sagging and wearing unnecessarily on the brake surface it is 
sustained by springs suspended from above. To avoid the harsh 
frictional contact between iron and iron, the brake should be lined 
with wood blocks. The wear is thus transferred chiefly to the 
blocking, which is readily renewed from time to time. With large 
drums the blocks are bolted to the brake surface on the drum ; 
when small, usually the band itself is so lined, as a matter of con- 
venience of construction. 
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Post brakes are employed only for the larger engines. They 
consist of two cast- or wrought-iron posts, one on each side of the 
drum, and provided with large friction blocks of hard wood. The 
posts are hinged at their lower ends to the engine bed-frame, or to 
the foundation, while the upper ends are connected by a tension 
rod and right-angled lever, or toggle, in such a way that the posts 
may be drawn together and firmly grip the drum. For heavy 
work the posts are trussed backward, or are sometimes of the built 
steel girder type, curved to the radius of the drum. A gOod brake 
should act upon nearly the whole circumference of the drum, or at 
least upon two parts diametrically opposite to each other, in order 
not to subject the drum shaft and bearings to unnecessary strain. 

For small engines the brakes are operated by hand or foot 
levers, or hand wheels ; those of large engines by steam cylinders, 
the valves of which are controlled from the engineer's platform. 
To attain certainty, efficiency and rapidity of action, the brakes of 
large engines are so arranged as to be applied by the fall of a 
heavy weight, and not by the engineer's operating levers. For 
throwing off the brake the weight is raised by the hand lever or 
steam cylinder, as the case may ht ; for throwing it on the weight 
is allowed to drop. The weight is suspended from a long lever 
connected with the toggle by which the brake is operated. 

Post brakes are generally preferable to those of the band pat- 
tern. As the parts are rigid a very small movement suffices to 
throw the post brake on or off. With the band brake a greater 
amplitude of movement of the band is essential to obtain proper 
clearance between all parts of the band and the brake surface, but 
it is found in practice that the distance through which a hand or 
foot lever moves should not much exceed twenty inches. On this 
account the advantage of using the post brake is most apparent 
when the strength or weight of the engineer is the operating force, 
since the power exerted is limited by the relatively small amount 
of movement — and therefore of leverage — which can practically 
be introduced. 

Constant' Motion Hoisting Engines, — For moderately heavy work 
" constant-motion " hoisting engines are sometimes used. As the 
name implies the engine itself is kept in continuous operation, the 
drums being independent, and engaged or released by some form 
of friction clutch. The engine is usually of the ordinary station- 
ary type. Since it is not required to start and stop for each hoist. 
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ing operation, a pair of cylinders with cranks at 90° are unneces- 
sary, and a fly-wheel is invariably provided. Such an engine 
should always be furnished with a condenser and an economical 
variable expansion valve motion, operated preferably by a gov- 
ernor. If of large size it may with advantage be of the tandem or 
cross-compound form. 

As a matter of course, a constant-running engine should be in- 
stalled only where it can be kept almost continually employed, 
hoisting load after load without longer intervals than are needed 
for loading and discharging the skip or cage. They are thus es- 
pecially applicable for operating several drums grouped together 
in a single engine house. The drums are entirely independent of 
one another. As the loads are made ready the drums are thrown 
in gear, while the empty cages or skips are lowered by the brakes. 
Usually the intervals between hoists are of sufficient length to make 
it worth while to slacken the speed of the engine and so econo- 
mize in steam consumption. The throttle is nearly closed after 
each hoist, so that only enough steam is admitted to keep the en- 
gine turning over its centers. On receiving the starting signal the 
engineer admits more steam, and almost simultaneously throws on 
the friction gear, before the speed of the engine has materially in- 
creased. 

While constant motion hoists are not in very general use, they 
are frequently employed in the iron and copper regions of the 
northwest and elsewhere. It may be noted that several of the 
largest plants at the Calumet and Hecla Copper Mine are of this 
type. One engine at this mine, the " Superior," drives four cylin- 
drical 23 ft. drums, for widely separated and very deep shafts. It 
is a compound vertical beam engine of 4,700 horse power. The 
drum shafts are driven from the main shaft by tooth gearing, the 
drums being operated by band friction clutches. As the engine 
furnishes power also for several large air compressors it is kept at 
an approximately constant speed. Notwithstanding this, the drum 
clutches work without difficulty. As another example, may be 
mentioned a plant which was operated for years at the Port Henry 
iron mine, New York, where six small drums and an air compres- 
sor were driven by a single engine. Where the distances between 
the engine house and the mouths of the shafts are considerable the 
ropes are supported by a series of grooved carrier sheaves. 
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ON THE DETERMINATION OF RELATIVE REFRAC- 
TIVE INDICES OF MINERALS IN ROCK SEC- 
TIONS BY THE BECKE METHOD. 

By lea McI. LUQUER. 

In most schemes for the optical determination of minerals in 
rock sections, the birefringence and resulting interference colors 
are made the basis of scheme classification and only a very ap- 
proximate value of the refractive indices required. This is prob- 
ably due to the fact that determinations of refractive indices in 
sections by the methods of Chaulnes,* Sorby,f or total reflection 
are accompanied by many difficulties and often fail to give satis- 
factory results. 

In the excellent graphic scheme of Pirsson and Robinson,:): min- 
erals are mainly determined by their maximum birefringence, 
although the authors also add a convenient tabulation of refractive 
indices. In the Birefringent Color Chart of L^vy and Lacroix § 
no indices of refraction are given. The tables of F. Loewinson- 
Lessing || use for classifying tests the optical character, color, 
pleochroism, polarization colors, etc. 

Some tables, however, require an approximate idea of the value 
of the refractive indices. In the table by Lane** the classification is 
based on the mean refraction being weak (< 1.56), moderate (1.56- 
1.66) or strong (> 1.66), combined with marked extension and ex- 
tinction angles. The schemeft published by the author some years 
ago. makes the classification depend on the presence or absence of 
marked "relief" (a function of the indices), combined with the 
interference colors ; thus emphasizing the importance of the re- 
fractive indices. Marker's ** Petrology for Students." gives a con- 



* Mem. deVAcad.y Paris, 1767-68. 

'\ Min. Mag., Vol. I., p. 193; Vol. II., p. I. 

X Am. Jour. Set'., Vol. X., October, 1900. 

{ Les Mineraux des Roches. 

II Tables for the determination of the rock-forming minerals (translated by Gregory), 
Macmillan & Co. 

♦* Petrographical Tables, Am. Geologist, June, 1 89 1. 

f f " Scheme for the Optical Determination of the Common Minerals in Rock Sec- 
tions,'' School of Minks Quart., Vol. XIX., p. 93, 1897. 
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venient grouping of the commonest rock-forming minerals depend- 
ing on their refractive indices as shown by " relief." 

In the tables of Levy and Lacroix, * Rosenbusch f and Iddings 
translation of Rosenbusch, the indices are recorded simply as part 
of the rest of the tabulation. 

But in all these schemes, where a consideration of refractive 
indices is involved, the student is left to work out his own method 
and is generally satisfied with a very approximate determination 
based on the ** relief," J i, e,, the appearance of the surface and out- 
line of a mineral dependent on its refractive index. 

Two minerals, however, with nearly the same indices appear to 
have about the same '' relief," and in some cases where one mineral 
is known it may be very important to determine whether the re- 
fractive index of the adjoining unknown mineral is slightly above 
or below that of the known mineral. In such cases the following 
simple method of Becke is recommended, which has many advan- 
tages but, so far as is known, has not yet appeared in English publi- 
cations. 

Becke Method. § 

The simplest case will be considered first and the limitations 
given later. Suppose two adjoining minerals, in a thin rock section, 
to be singly refracting and to have their plane of contact vertical, 
I. /., parallel to the optic axis of the microscope. 

Let A and C [V\g, i) be two such sections with the plane of con- 
tact 00' vertical, A having a lower refractive index than C, and 
consider only the direction of the rays within the section, neglect- 
ing the refractive effect of the air, glass and balsam. 

Suppose a cone of light rays (7^5/ concentrated at B, The rays 
O'G on meeting the plane of contact 00' will be somewhat con- 
centrated and deflected by the higher refractive index of Cand will 
continue as the cone EF, Some rays as O'H will, on meeting the 
contact plane, be totally reflected and will continue as the cone OE^ 
while the rest of the rays ///will be dispersed and deflected by the 
weaker refractive index of A, continuing as the cone OD. Hence, 

* Les Min^raux des Roches. 

t Hulfstabellen zur mikroskopischen Mineralbestimmung in gesteinen. 

t The presence or absence of ** relief" can be most easily observed by lowering the 
condensing lens beneath the section. 

{ Sitzungsberichte der k. k. Akad. der Wiss., Wien, 1893, I. Abt., p. 358. 
Review by Viola in Min, Pet. Mitt., Vol 14, p. 554. 
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more light rays will emerge on the side of the contact plane where 
the substance of higher refractive index lies, and there will be a 
concentration of illumination on this side producing the so-called 
" bright line." 




In practically making the lest with a petrographical microscope 
remove the polarizer, analyser and condensing lens^f and in- 
troduce below the section a small light^stop, to reduce in size the 
cone of incident light.t The adapter, holding this light-stop, should 
be adjustable so that the stop can be lowered sufficiently to pro- 
duce the best results. The smaller the contrast between the indices 
of refraction the smaller the incident cone of light should be, as 
best results are obtained when this cone is little larger than twice 
O^Hy Fig. I, all the O'H rays then being totally reflected. The 
more of the HI rays that pass through, the brighter will be the 
OD cone and the less sharp the contrast in illumination. A high- 
power objective § should be used, as those with small aperture and 

* The construction is that of Snellius, with — = 

H 100 

f Most of the petrographical microscopes carry over the polarizer a convex lens the 
effect of which is to widen the illuminating cone and hence make less visible this phe- 
nomenon. As this lens is commonly left in position for other tests, the small use made 
hitherto of the Becke method may be accounted for. 

% In Seibert student microscope, No. lib, use next to smallest light-stop. Some of 
the Fuess microscopes are supplied with an iris-blende for limiting the cone of light. 

{ In Seibert microscope use No. V., not sufficiently marked results being obtained 
with No. II. 
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great focal length do not give good results. Focus on the divid- 
ing plane and adjust until equal illumination is observed on both 
sides and the trace of the plane resembles a fine thread, the focal 
plane being at MN. Then raise the objective slightly, thus moving 
the focal plane to 571 when a bright line or band will appear on 
the side of the stronger refracting substance, the width of the line 
depending on the contrast between n and «', becoming narrower 
as n and «' approach each other in value. On raising the objective 
still further the line broadens and finally disappears. If the objec- 
tive is lowered instead of raised the reverse phenomenon will take 
place, the bright line appearing on the side of the weaker refracting 
substance.* 

The appearance of equal illumination and the absence of bright 
lines on either side when the focal plane is at MN will be only 
strictly true in the case of isotropic minerals or basal sections of 
uniaxial minerals. With doubly refracting minerals, each set of 
doubly refracted rays would suffer total reflection under somewhat 
different conditions and there would be no one point B where no 
bright lines would appear. However, if the cone of incident light 
is small enough in diameter, the test will be practically obtained as 
described. The Becke test can often be made with a medium 
power objective f without removing the polarizer and condensing 
lens, provided the lens be lowered sufficiently to get rid of the 
strongly divergent rays. 

When the condensing lens is left immediately under the section, 
no " bright lines " can be seen, but the following simple test can 
frequently be made. Focus sharply, then raise the objective and 
the dark boundary will appear to move slightly toward the sub- 
stance having the stronger refraction. 

Limitations and Precautions. 

The thinner the section the more distinct will be the phenom- 
enon. The contact plane must be clear and not coated with opaque 
decomposition products. 

When the plane of contact 00' deviates considerably from 
parallelism with the optic axis of the microscope a disturbance of 
the phenomenon may be expected and no satisfactory results be ob- 
tained. In general under these conditions the '• bright line," both 

♦See Viola's diagram, Min, Pet, Mitt,, Vol. XIV., p. 556. 
f Scibett, No. II. 
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on raising and lowering the objective, will remain on the side of 
the overlapping substance, without regard to the relative values of 
the indices. 

The refractive index of the cementing material should not be 
very much lower than that of either of the thin sections, as the re- 
sult would then be to disperse the emerging rays too much and 
dim the effect. In the case of distinguishing between minerals of 
high refractive power, such as augite and garnet, methyliodide is 
recommended instead of balsam. 

When monochromatic h'ght is used with a high-power objective,* 
and the section is very thin (0.023 mm.), the test just described 
will show interference lines on the side of the substance having 
the stronger refraction. The "bright line" previously described 
is simply the first of these bright interference lines. 

By the Becke method very slight differences in the indices of 
adjoining minerals can be distinguished ; for example, between 
quartz sections cut parallel and at right angles to the optic axis 
with the difference £ — <o = 0.009, ^ = i-553i ^ ^= I-544- This 
method has been found very useful by Becke in the investigation 
of mixtures of quartz and plagioclases, with the mean indices, 
quartz =s i-SSi, albite = 1.535, oligoclase = 1.538, andesine=s 
I '55 3 and labradorite = 1.558. Care must be taken, however, in 
such an investigation on account of the minerals being doubly re- 
fracting and hence each mineral section transmitting two rays with 
vibration directions at right angles, each ray having its own index 
of refraction. It might therefore happen that in the two adjoining 
sections the rays with maximum refractive indices would have their 
vibration directions parallel, crossed or in some intermediate posi- 
tion. By reference to the tables it will be seen that an overlap- 
ping of the values of e and a; of the quartz and a, /5, y of the feld- 
spars may occur and must be allowed for. A tabulation of indices 
of quartz and feldspars and complete directions for procedure are 
given in Becke's original article. 

A convenient application of this method would be in distin- 
guishing between undecomposed orthoclase (not showing twin- 
ning) and quartz grains in a gneiss or granite. All the indices of 
orthoclase, 1.526, 1.524, 1.5 19, being lower than either of the in- 
dices of quartz, 1.544, 1.553. 

*Fues5 microscopic II., objective No. 6, and iris-blende 2.5 mm. open and 60 mm. 
below section. 
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Indices of Refraction (mean). 



2.759 Inutile 

2.53 Brookite 

2.524 Octahedrite (Anatase) 

2.38 Perofskite 

2.019 Cassiterite 

1.987 Zircon 

1.930 Titanite (Sphenc) 

1. 81 2 Garnet (Pyrope) 

1.808 iEgirite 

1.784- Allanite 

1.770 Garnet (Almandite) 

1.764 Corundum 

1.756 Epidote 

I 747 Garnet (Grossularke) 

1. 74 1 Staurolite 

1.726 Vesuvianite 

1.720 Cyanite (Disthene) 

1. 7 19 Hornblende (basaltic) 

1.72 Ottrelite 

1. 7 15 Augite 

1. 715 Spinel 

1.70 Hypersthene 

1.696 Zoisite 

1.688 Diallage 

1.683 l^iopside 

1.678 Chrysolite (Olivine) 

1.668 Bronzite 

1.667 Sillimanite (Fibrolite) 

1.644 Glaucophane 

1.644 Anthophyllite 

1.642 Hornblende (common) 

1.638 Andalusite 

1.637 Apatite 

1.635 Tourmaline 

1. 63 1 Aragonite 

1.630 Wollastonite 

1.629 Melilite 



1.628 Actinolite 

1.622 Tremolite 

1.622 Dolomite 

1.622 Chondrodite 

1.620 Topaz 

1. 601 Calcite 

1. 591 Phlogopite 

1.589 Chlorite ( Clinochlore) 

1.587 Anhydrite 

1.584 Muscovite 

1.578 Meionite 

1.577 Chlorite (Penninite) 

1.570 Brucite 

1.566 Anorthite 

1.559 Wernerite (Scapolite) 

1.558 Labradorite 

1.553 Andesine 

1. 551 Quartz 

1. 551 Talc 

1.54 Nephelite (Elaeolite) 

1.538 Oligoclase 

1.542 lolite (Cordierite) 

i-54-f~ Canada balsam 

1.54 Serpentine 

1.54 Kaolin 

1.535 Albite 

1.523 Microcline 

1.523 Orthoclase 

1.515 Cancrinite 

1.508 Leucite 

1.496 Hatiynite 

1.488 Anal cite 

1.484 Sodalite 

1. 481 Natrolite 

1.45 Opal 

1.433 Fluorite 

1.428 Tridymite 



* Taken from HUlfstabellen zur mikroskopischen Mineral bestimmung in Gesteinen, 
Rosenbusch, 1888. 
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Viola * has devised a method for determining the absolute value 
of the refractive index of a mineral in contact with one of known 
refraction. The method is based on the principle set forth by 
Becke, and depends on the fact that the difference in the indices of 
refraction of two minerals in contact is directly proportional to 
the square of the opening in an iris-diaphragm necessary to show 
the "bright line" most distinctly. Accuracy to the 3d decimal 
place has been cldimed by Viola for this method. It is, however, 
not found to be practical when observations have to be made with 
a student petrographical microscope with the ordinary equipment. 



MINERALOGICAL NOTES NO. 3. 

By AUSTIN F. ROGERS, 
FelLwin MinereUogy^ Columbia University, 

The following notes embody the results of acrystallographic study 
of some of the minerals in the Egleston Mineralogical Museum 
of Columbia University. The gypsum, barite, vesuvianite, pyrite 
and quartz were obtained from Mr. Lazard Cahn, of New York 
City, while the dolomite and calcite were collected by the writer. 

I. Gypsum Crystals from South Dakota. 

The gypsum crystals described in this note are from the Bad 
Lands, South Dakota. They are clear and colorless, measuring 





Fig. I. 



Fig. 2. 



about 2 5 cm. in greatest length and present the following forms : 
a{ioo} ^{010} m{\\o] ^{103} /{III} «{iii} «{i33},and 
a new clinopri>m to which the symbol x[ 13.7.0} is doubtfully as- 
signed, b^ m, /, e and on one crystal u are the prominent forms 

* Att, Real. Ace. dei Limei, Mars., 1 896, p. 22. Abstracted in Bull. Soc. Franc 
Min,, Vol. XIX., p. 131. 
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while the others are small. Fig. i represents the natural etch-pits 
observed on / and e. 

The following measurements identify the forms : 

No. of Meas. 

/A/' (iTi)A(L") 2 

f /\u (103) A (133) 2 

«A^ (i33)A(fio) 4 

^A« (010) A (I") 3 

wA« ("o)A(i3.7o) 3 

The face x is striated and gives a multiple image. The measure- 
ments given above are those for the middle image, which was the 
brightest one. The average of seven other measurements varying 
from 17° 5' to 17° 43' is 17° 19.5'. 

2. Axial Ratio of Celestite from Wymore, Nebraska. 

Mr. W. G. Kane, of Kansas City, Mo., kindly furnished the cele- 
stite crystals described in this note. The crystals occur in geodes 
associated with calcite and are of a pale blue color, singly termi- 
nated, and average about 7 mm. in length. The forms present are 
^{100} m{iio} ^{102} ^{011} -sr{iii} and an undetermined 
brachypyramid. The crystals are elongated in the direction of the 
a-axis, the habit being determined by the brachydome o. (See figure 
2). They resemble the celestite crystals from Ville-sur-Saulx, 
described by Stbber.* 

m, d, and x give excellent reflections but is striated and a is in 
oscillatory combination with m, scarcely giving an image at all. A 
brachypyramid with high indices near o in position occurs on some 
of the crystals but no measurements are possible on account of its 
rough surface. The following axial ratio was calculated from the 
measured angles (iiiAm) and (iiiAmO» ^^ese faces giving 
excellent images. 

a:6:c = 0.78058: i : 1.28306 

This ratio is quite near that determined for Luneburg crystals by 
Liweh,f which is a:6:c ^ 0.7803 : i : 1.2831. The following table 

shows the measured and calculated angles. 

No. Limits. Average. Calculated. 

z f\z'f' (iii)A(i'_2) 10 67023^ - 67°24>i^ 67°23|^^ 

z/\z^^ (iii)A(i£i) 13 51 i3/*4- 51 IS>^ 51 U>4 

mf\mf'f (no) A (1^0) 3 75 57 -75 59 75 57^ 75**57' 

0^0' (oii)A(o") 3 104 9 -104 io>^ 104 9^ 104 8 

dt\z (102) A ("0 3 38 15M- 38 i6>^ 38 16 38 WA 



♦Zeit. f. Kryst., 21 : 34I. 
t Zcit. f. Kryst., la : 439. 
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3. Barite Crystals from Montana. 

Some barite crystals from Basin, Montana, kindly "presented by 
Mr. Lazard Cahn are of unusual habit being prismatic instead of 
tabular (Fig. 3). The crystals measure about ^ cm. and are for 
the most part coated with a dark substance 
insoluble in acids. On one crystal without 
the coating the following forms were identi- 
fied by the reflection goniometer. ^{010} 
^{ooi} m[iio] //{102} Ar{079},arare form 
observed by Artini* o{oii} '8:{iii} and 
several minor forms which on account of 
their small size and imperfect character can- 
not be determined. Good measurements^ were not possible but 
they are sufficient to identify the forms. 



Fig. 3. 







No. 


Average. 


Calculated. 


c /\d 


(001) A (102) 


3 


38°47^ 


38°5i>^" 


r ,\o 


(ooij A (on) 


2 


53 2 


52 43 


Kf\o 


(079) A (on) 


4 


6 58 


76 


c /\z 


(ooi)A(iii) 


2 


64 36 


64 19 


c /\K 


(001) A (079) 


4 


45 23 


45 37 



4. Anglesite Crystals from Eureka, Utah. 

As but few American anglesites have been described crystallo- 
graphically, the following note may not be without interest. The 
crystals are associated with galena and native sulphur. They are 
singly terminated and vary in size from i mm. to 6 mm. On one 
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(100) A (no) 
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38° 10' 


38^8/ 


m A« 


(no) A (120) 


6 


19 24>^ 


19 22>^ 


n /\K 


(120) A (130) 


5 


9 35 


9 29 


K /\b 
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22 51K 


23 
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76 llYz 
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m'f A ^"^ 


(no)A(iio) 


2 


103 46^ 
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m /\T 


(no) A(22i) 


2 


13 12 


13 28 


T /\Z 


(22I)A(II0 


2 


12 15 


12 8 


z /\r 


(ni)A("2) 


2 


18 12 


18 10 


r /\c 


(n2)A(ooi) 


2 


47 23 


46 15 


c f\d 


(001) A (102) 


2 


39 17 


39 23>^ 


/\</ 


(on) A (on) 


3 


104 20 


104 24>^ 


y Ay 


(122) A (122) 


2 


26 42 


26 42 


p r\p"' 


(324) A (324) 


2 


44 VA 


44 14 



*R. Ace d. Lincei. Mem., 4, 1887. Abstr. in Zeii. /. JCryst., 14 : 509. 
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small crystal, prismatic in habit, these forms were determined: 
a{ioo} ^{010} ^{001} m[\io] n{\2o\ *{i30} ^{102} o{o\\) 
r{ii2} ^{111} t{22I] ^^{122} /{324}. The following table shows 
the identification of the forms by calculated and measured angles. 

5. Cerussite Crystals from Montana. 

Associated with a specimen of linarite and caledonite from the 
Alice Mine at Butte, Montana are some minute crystals of cerus- 
site. The crystals are lengthened in the direction of the ^-axis and 
consequently the brachy domes are the dominant forms. The fol- 
lowing forms were identified : ^{100} m\\\6\ r{i3o] ^{010} 
^^{102} x\Q\2] >&{oii} ^{02 1 } ^{112} /{in}. 
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39°45' 


X 


A>fr 


(012) A (on) 


I 


16 I 


15 59K 


k 


/\i 


(on) \ (021) 


I 


19 29 


19 28 


• 

I 


A^ 


(021^ .\ (010) 


I 


34 37 


34 40 


a 


/\m 


(loo) A("o) 


2 


31 24>^ 


31 23 


m 


/\r 


(no) ^(I3o) 


2 


30 I 


29 57 >^ 


t 


A^ 


(130) A{oio) 


I 


28 35 


28 39>^ 





/\y 


(112) A (102) 


3 


17 10 


17 i>4 


P 


f\p'" 


(III) A (III) 


2 


49 52 


49 57 



6. Cerussite Crystals from Phcenixville, Pa. 

The anglesite crystals of this famous mineral locality have been 
described, but, as far as can be learned the cerussite crystals have 
not been measured or figured. 

One small crystal was studied with the following results : 

The forms identified are ^2{ 190} ^{010} r{ooi} m{\Qo\ ^{130} 
4r{oi2} ^{011} I {021} z; {031} 7(102} /{ill}. 

The measurements are as follows : 







No. 


Average. 


Calculated. 


a \m 


(ioo)/\(iio) 


3 


31O24/ 


3I°23' 


m A r 


(no) A (130) 


3 


29 58 


29 57 >^ 


r /\b 


(130) '\ (010) 


3 


28 37 


28 39K 


c f\x 


(COI) A(OI2) 


2 


19 52 


19 52K 


X \k 


(012) A (o") 


2 


15 59 


«5 59>^ 


k A» 


(on) A (021) 


2 


19 27 >^ 


19 28 


% /\V 


(021) A (031) 


2 


9 46>^ 


9 55 


V f\b 


(031) A (010) 


2 


24 56 


24 45 


( /\y 


(001) A (102) 


2 


30 42 


30 39 


P /\m 


(ni) A(iio) 


2 


35 44>^ 


35 46 
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7. Vesuvianite Crystals from Montana. 
On some small vesuvianite crystals from Lewis and Clarke 
county, Mont, the following forms are present ^{100} c{ooi) 

m{iio] A{3io} i?{ioi}/{iii} 1(312}^ {3iO- 

The habit is low pyramidal ; the unit pyramid is the dominant 
form. The forms /and s are very minute and are not present in 
their full number of faces. The measurements upon which the 
identification of the forms rest are as fallows : 







No. 


Average. 


Calculated. 


m/\h 


(iio) A(3io) 


3 


26«3I' 


26O34' 


a ,\h 


(100) A (310) 


3 


18 29 


18 26 


c /\P 


(001) A("0 


2 


36 50 


37 nyi 


P f\^ 


(III) A("o) 


2 


52 54 


52 ^(y% 


a /\ i 


(100) A (312) 


I 


52 2 


52 7 


a AJ 


(100) A (3") 


2 


35 42 


35 10 



8. Calcite Twins from Upper Montclair. N. J. 

In the trap quarries at Upper Montclair, N. J., some interesting 
twinned calcite crystals were collected by the writer. The twin- 
ning plane is the unit rhombohedron r{ loi 1 J + -^. The dominant 
form is a positive scalenohedron, the acute polar edges, of which are 
truncated by a negative rhombohedron. The indices cannot be 
exactly determined on account of the rough surface of the faces. 
The individual crystals have their vertical axes at right angles ' 
(89° 14') and have one cleavage face in common. 

This IS, I believe, the first mention of the positive unit rhombo- 
hedron as the twinning plane for calcite from this country. 

9. Calcite with Basal Parting, from New Jersey. 

In the trap quarries, along the water front, between WoodcliflT 
and Shadyside, N. J., are found some calcite crystals worthy of 
brief mention. They are of several different combinations with the 
basal pinacoid as the dominant form and have white, opaque termi- 
nations. A frequent combination is that of r{oooi]oP with 
^{0332'}— \R, Within this termination, which extends for only a 
short distance, there may easily be obtained a parting parallel to 
the basal pinacoid. 

The basal pinacoid and the parting surfaces parallel to it have a 
pearly luster. 

Parting parallel to the rhombohedron r{oi \2\^\R and parallel 
to the prism of the second order, in the former case due to twin- 
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ning, have been recorded for calcite but I can find no mention in 
the literature of parting parallel to the basal pinacoid. 

lo. Dolomite Crystals from Hoboken, N. J. 

In small cavities of some of the carbonate veins occurring in the 
serpentine at Stevens' Point, Hoboken. N. J., are found minute 
crystals of dolomite which rarely exceed 0.5 mm. in length. The 
form is that of the prism of the second order a{ii2o} with the 
basal pinacoid ^{0001}, a rare combination for minerals of the 
calcite group. The basal plane is very dull while the faces of 
the prism are sometimes brilliant. The following measurements 
show that the form is a hexagonal prism and the fact of its being 
a prism of the second order is shown by its relation to the cleavage 
faces. 

Average. Cftlc. 

a f\a' (1120) A. (1210) 59'*45^ — 59°5i^ — 59°40^ S9*'45' 6o°c/ 
af f\a^' {izio) l\(2\\o) 60^15^ — 6o°i5' — 60° y-' 6012 600 

This is as good agreement as can be expected 
with such small crystals. The mineral effer- 
vesced in hot hydrochloric acid arid the solu- 
tion afforded reactions for Ca and Mg. Very 
often these prismatic crystals are capped by 
crystals of a second generation in parallel 
position which show the negative rhombohe- 
dron ^{01 12}, identified by approximate meas- 
urements (I'ig. 4). 

In the sixth edition of Dana's" System of 
Mineralogy," p. 272, Fig. i , is figured a dolo- 
mite crystal from Hoboken, which shows in addition to the basal 
plane and the second order prism, the unit rhombohedron of the 
first order and a rhombohedron of the third order. This crystal 
differs in habit from ours, being flat tabular instead of prismatic. 

II. Pyrite Crystal from Ouray, Colorado. 

A small pyrite crystal (3 mm.) from this locality exhibits the 
following forms : o{\\\\ ^{100} ^{110} f {210} andr{332}. The 
habit is determined by ^{ 1 1 1 } . 

The faces did not give very good images and in some cases the 
reflections had to be used. 

Measurements are as follows : 



Fig. 4. 
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No. 


Av«nig«. 


Calcalttted. 


A^ 


("I) A (332) 


5 


10® I 7^ 


IO«» \% 


dt\r 


("o) A(332) 


2 


24 35 


25 14^ 


'A' 


(210) A (210) 


I 


52 30 


53 8 


e r\d 


(210) A ("o) 


I 


18 24 


18 26 



12. Quartz Crystals from Houghton Co., Michigan. 

A small right handed quartz crystal (i mm. in diameter) from 
Hancock, Houghton Co., Michigan, presents these forms: 

»f{lOIO} f{lOIl} -f{0IIl} |j{lI22} J{ll2l} Ci{2TT2} e{l23l} 

t{3253} m{ 1342}. The rare forms ^ and ^, have for the most part 
well-developed faces. The trapezohedral faces in the zone fn!r are 
striated and did not give good images. 

The following measurements, each the average of three, were 
made : 







Average. 


Calculated. 


^lA'- 


(2112) A(ioii) 


23O.6' 


23** 8' 


^x/\^' 


(2112) A("oi) 


230 (/ 


23* 8^ 


r /\s 


(ioii)A("2i) 


28 36 


28 54 


r /\m^ 


(loii) A(o"o) 


66 54 


66 52 


e /\m^ 


(i23i)A(o"o) 


25 I 


25 5 


f'Afi 


(2112) A (2112) 


95 27 


95 27 


^A^ 


(2112) A(2iii) 


17 41 


17 49 >4 



On a left-handed crystal the rhombohedron r{404i} together 
with most of the above mentioned forms was observed, its identi- 
fication resting upon the following measurements : 







Averag:e. 


Calculated. 


r/\T 

V/\m 


(ioii)A(404i) 
(404i)A(ioio) 


27*3' 
II 9 


27**5' 

II 8 



Nbw York, Dec. 20, 1901. 
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SHRINKAGE AND PRESSURE JOINTS. 

By WILLIAM LEDYARD CATHCART. 

Rigid connections of this character between members of a ma- 
chine or structure are of frequent application. The inner member 
of the pair to be united is made cylindrical or slightly conical in 
form ; the corresponding portion of the outer member is bored so 
that it is of the same shape, but less in diameter throughout. 
When, therefore, the latter is made to encircle the former, the re- 
sulting radial pressure, acting at the contact-surfaces, produces a 
frictional resistance to relative motion of the parts. In a Shrinkage 
Fit or joint, the outer member is expanded by heating, slipped in 
place, and held therein by the subsequent contraction in cooling. In 
2l Pressure (^' Press'' or *' Forced'') Fit, th^ parts are driven together 
by hydraulic pressure. Joints of the latter type are, as a rule, 
restricted to members of moderate size — crank -pins, cranks, and 
the wheels and axles of engines and cars being familiar examples. 
The shrinkage fit is applied, not only in the union of large mem- 
bers in which maximum resistance to relative motion is desired, 
as in the crank-shafts of engines of high power ; but, as well, 
in modern ordnance, where results of extreme accuracy are es- 
sential in order to obtain the desired inward pressure required to 
withstand the outward force of the gases generated in the powder- 
chamber. 

I. General Formulae. 

The final diameter of a joint made by shrinkage or pressure is 
intermediate between those of the parts before union, i. e., the 
inner member has been compressed and the outer expanded. 
These changes and the elasticity of the metal produce a radial 
compressive stress acting upon both members at the contact-sur- 
faces and a consequent circumferential stress or ** hoop-tension " 
within the outer member. The latter stress is a maximum at the 
joint and decreases rapidly toward the exterior. 

I. Thin Bands. — When the outer member is thin, as a band or 
tire, and the inner is, relatively, of large diameter, the compres- 
sion of the latter is so small as, frequently, to be negligible in 
practice. The stress of the shrinkage or forcing may then be 
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considered as expended wholly in the expansion of the band. 

Assume then, as in Fig. i, an incompressible hub upon which is 

shrunk such a band, the stress upon the latter being within the 

elastic limit. 

Let: 

7?, = original radius of interior of band ; 

R = radius of hub ; 

t = tensile unit stress within band ; 

e^ = unit elongation due to / ; 

E = modulus of elasticity of band-metal = - ; 

/ = unit radial pressure ; 

b as breadth (axial) of band ; 

7"= thickness (radial) of band, expanded ; 

y =s coefficient of friction. 
Then : 

Increase in lengthy interior of band = 2n{R — R^ \ 
Original lengthy interior of band = 2TtR^ \ 

Elongation per unit of length = ^, = — ^ — ^ ; 

Unit tensile stress ^sut^sz Ee^ = E ^ — -- (0 

This tensile stress, /, acts throughout the band, tending to re- 
sist rupture of the latter on any diametral plane, as A-B, The 
total resistance opposed thus at A and B = 

2(* X 7^ X /). (2) 

The unit radial pressure, /, acts outward, equally at all points 
upon the band. The latter is, therefore, virtually in the condition 
of a thin cylinder, of length b and thickness 7", subjected to in- 
ternal fluid pressure. In Fig. i the vertical component of the 
pressure p is that which tends to part the band on the horizontal 
plane A-B, For an elementary strip of the band, of length RdO, 
and of breadth b, we have : 

Radial force on elementary strip = RdQ x ^ X / ; 

Parting force .elementary, on plane, A-B = Rdd x ^ X / sin 6; 

Parting force, total, on band = bpR I sin OdO = 2bpR. (3) 
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Equating (2) and (3) : 

Tt „ (i? - R^)T , . 

P'-R-^- RRf  (4) 

The resistance to movement at the contact-surface is equal to the 
product of the area of that surface, the radial pressure, and the 
coefficients of friction, i. e, : 

D p 

Resistance to slip = E • „ — ~ - 27:67/. (5) 

2. Thick Cylinders. — ^The method, as above, disregards the 
compression of the inner member, assumes the stress of forcing 
or shrinkage as expended wholly in expanding the band, and con- 
siders the unit-stress within the latter as uniform throughout the 
cross-section. The inner member cannot be incompressible and, 
therefore, the circumferential stress given by (i) is greater than 
that which would exist. The method is hence applicable only 
within the limits noted. In an outer member whose walls are rel- 
atively thick, the stresses at various radial distances differ widely 
in intensity ; and, for the determination of their magnitude, re- 
course must be had to the complex formulae deduced for the in- 
vestigation of thick, hollow cylinders, subjected to internal fluid 
pressure. Of such formulae, those founded on the method of 
Lame* give, without the assumptions of Barlow or Brix, the 
character and intensity of the various stresses at any point within 
the cylinder walls. 

Thus, consider, as in Figs. 2 and 3, a horizontal hollow cylin- 
der, open at the ends, the latter being faced off in a plane normal 
the axis. Let this cylinder be filled with fluid, which is forced 
inward by two expanding plungers A, A, the result being the 
production of a fluid pressure upon the internal surface of the 
wall. From the construction and operation it is clear that, as the 
ends are free, the cylinder will remain a cylinder under stress ; 
that a transverse section, taken normal to the axis when at rest,, 
remains thus normal under stress ; and that, on such a section, 
the resultant longitudinal stress is zero, both over the whole area 
and at every point thereof. Assume that the material is isotropic 
and that no stress, at any point, exceeds the elastic limit. 

Consider any point within the cylinder wall. Let : 

^Rankine, *' Applied Mechanics," 1869, p. 290. Burr, ** Elasticity and Resist- 
ance," etc., 1897, p. 36. Cotterill, <* Applied Mechanics," 1895, p. 408. 
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Rq and R^ = inner and outer radii of cylinder ; 
Pq and /\ = inner and outer pressures upon cylinder ; 
/ = circumferential stress at point O ; 
/ sss radial pressure at point ; 
/ = longitudinal stress = zero at point O ; 
r =s radius of point O. 
Then, from the deduction in § lo: 



R^ — R^ R^^R^ V 

F — JP2 r>2' b2 Z>2 



(23) 



R^ -^ R^ R^-^ R^ 

It will be observed that the circumferential stress / varies in- 
versely as r^ and is therefore a maximum at the cylinder-bore. 
This condition prescribes the useful limit of thickness for cylinders 
which are not under exterior compression. No such cylinder can 
be made sufficiently thick to withstand an internal pressure per 
sq. in. greater than the ultimate tensile strength per sq. in. of the 
metal, as is shown by equation (19). Since the working pressure 
of modern ordnance exceeds considerably the elastic limit in ten- 
sion of the material used, the necessity for the "built-up" system 
is apparent. With regard to formulae (23), it will be observed 
also that / may be either tensile or compressive, as the relations 
of the radii and pressures determine ; that p is jilways compres- 
sive ; and that both p and / are ** apparent" und not "true" 
stresses, since the factor of lateral contraction has not been intro- 
duced with respect to them. Considering this factor : 

True Circumferential Stress =/— ^/— (— ^^). (6) 

In a gun, the layer in which the breech-plug houses is under a di- 
rect longitudinal stress /, arising from the pressure upon the plug. 
This stress is a maximum at the face of the plug an^ diminishes 
rapidly toward the muzzle. If the apparent values of /, / and p 
be substituted in (6), the working equation for true circumferential 
stress will be obtained, which equation is Clavarino's principal 
formula for the investigation and design of guns.* 

3. Thick Hubs. — Professor Reuleaux, in The Coftstructor,^ gxvcs^ 
largely without deduction, certain working formulae, based upon 

* Merriman, ** Mechanics of Materials,'* 1899, p. 318. 
f Suplee's Translation, 1895, PP* '7f '8, 45-47. 
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those of Lame as above, which are especially applicable to the 
shrinkage or cold forcing of large machine members, such as 
cranks and wheel-hubs. Thus, consider Fig. 4, which represents 
a shaft or pin A, forced into a ring or hub B. The deduction 
applies, theoretically, to either shrinkage or forcing. The nota- 
tion is : 

S^ "■ radial compressive stress at r ; 

5, a« circumferential tensile stress at r ; 

/ = unit radial pressure upon contact-surfaces » 5, ; 

Ey «3 modulus of elasticit}^ inner member ; 

E^ « modulus of elasticity, outer member ; 

fj =a radius of pin before forcing ; 

Tj = radius of hole before forcing ; 

r = radius of fit ; 

/ =■ length of fit ; 

d = thickness, outer member, after forcing ; 

Q r=B maximum forcing pressure required ; 
/a= coefficient of friction = 0.2. 
Under the conditions shown in Fig. 4, the notation of equation (23) 
giving the value of t, when translated into that of Tfie Constructor 
should be changed thus : 

/to 5, ; P^ to Sy ; P^ to zero ; R^ X.o r \ R^ to r + d \ r remains 
as r. 

{a) Stresses and Allowances. — Transforming the equation for /, 
in accordance with the above : 

V+r) +^ 



^ =» ^ 

o, =B o, 



(■n-r- 



(7) 



In Fig. 4 : 

r ^~ r 
Unit deformation {strain), inner fnember = — ; 

^\ 

r —" r 

Unit deformation {strain), outer member = 
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From the definition of the modulus of elasticity : 

f = ^1:^ and f-''-^*. (9) 

Adding : 

''i c^ + '■j A^* = ''i - ''r ('o) 



Whence : 

By definition and from (lo) : 



(") 



i^--'--* = '^'-5+5- (12) 

From (ii) and (12) : 

5 + ^« 

^^^?L_A. (36,0* 

I - ' 

5*1 and 5, are mutually dependent, their relation being expressed 
by (7) and (8). In view of this and by definition : 

^1 = V (64, C') 

From (36, C) and (64, C) : 

The second term of each denominator is so small as to be negli- 
gible. Hence : 

If the value of the ratio , be assumed or known, it may be sub- 

stituted in (7), thus giving that of the ratio,-^^- ='/>, /. e, : 
If: 



* For convenieace of reference, numbered formulae from The Constructor are giTen* 
the same numeral, with <* C" added. 
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8 

— =s 0.500, 1. 000, 1.500, 2.000, 3.000 ; 

then 

f} = 0.385, 0.600, 0.724, 0.800, 0.882. 

Since E^, E^ and the allowable value of S^ are known quantities, 
the values of ^ and 5j may be found from (38, C), by substitut- 
ing the value of p, 

ip) Forcing Pressure. — The force necessary to press a cylindrical 
pin into a hole by continuous motion may be taken as nearly pro- 
portional to the rate of progress, since that force must overcome 
a resistance which is largely due to sliding friction, and the latter 
depends upon the unit pressure on, and the area of, the surfaces 
in contact. The force will be a maximum just as the pin reaches 
the end of the hole. From Fig. 4 we have : 

Maximum Forcing Pressure = j2 =* 27rr x / X S^x/. (62, C) 

Radial Pressure = 5, =/ == — ^. (63, C) 

{c) Resistance to Slip, either axial or rotary, is given by the value 
of Q in (62, C). 

(d) Tlie Thickness of Hub required to withstand the bursting 
pressure corresponding with the slip resistance Q, as above, may 
be found by combining (62, 64, C). Thus : 

Q^2nrlfS^X p, (13) 

in which Q is given in terms of the circumferential stress at the 
contact-surface. From (7), (13) and (64, C) : 






(-P) 



+ I 



whence / 5\* ir.rlfS, + Q 



(-^)- 



2T:rlfS^ - Q * 
and 

Thickness 



-^-J■:lJ^^i-. (-.0 



Radius r S iizrlfS^ — Q 
from which the required thickness b may be found. 
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{e) Slip-resistance vs. Rotating Farce, — In (66, C) Q is the resist- 
ance opposed by the fit to slipping at the contact-surfaces ; its 
leverage at the latter is r. Assuming the hub to be a part of a 
wheel or crank of effective radius Ry and the external, rotating 
force at that radius to be P, we have, as the moment of the latter 

.-. Gx r^/'x R, (14) 

(/) Coefficients of Friction in Forcing and Slip, — Assuming that 
the resistance is wholly frictional, it is apparent that, for continu- 
ous forcing, the coefficient of friction for motion should be used. 
Slipping of the hub, however, must occur always from a state of 
relative rest of the members. Therefore in (13) and (66, C\ the 
coefficient for rest applies. With the high radial pressures which 
prevail, there is a marked difference between the two coefficients. 

2. Proportions of the Joint. 

Economy of material prescribes that S^ shall be the maximum 
permissible tensile stress. For any given fit, i^, E^ and E^ are 
therefore constants, while the radius r is fixed by other consider- 
ations and the length / is known approximately or accurately. 
The total grip Q required would determine by (66, C) the value 
of the thickness 5, if the coefficient / were known ; but experi- 
ments indicate that the value of this coefficient, as given ordinarily 
for the friction of motion between the clean metallic surfaces con- 
sidered, is not a safe measure of the resistance of shrinkage and 
pressure fits, the latter especially. Such investigation, however, 
with regard to the value of / in these fits, has been limited. In 
determining 5, therefore, there should be used, preferably, formulae 
which do not include this coefficient. 

From (38, C) we have : 

Total allowance ^l^ P \ 

" Diameter ' " M^"^:^;/- (^5) 

In the right-hand member all quantities are known except p. 
From (7) and (64, C) it will be seen that, with increased thick- 
ness, p becomes larger. Therefore, if, with the same diameter 
and metals, the hub be made thicker, the total allowance, the 
radial pressure, and the grip per unit of surface may be in- 
creased. 
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Again, consider two hubs, one of steel, the other of cast iron, 
both on the same steel shaft, with /t> and, therefore, d the same in 
each case. In the former, as compared with the latter, the cir- 
cumferential stress 5jj, the radial stress S^, and the unit grip pres- 
sure may be larger and the allowance may be increased, although 
not proportionately. Therefore, to obtain the same grip in both 
cases there should be, as shown by (15), a decrease in the value 
of d, p, and the allowance with the steel hub. 

1. Allowance. — With regard to the relative values of shrinkage 
and forcing in producing grip, the meager experiments available 
indicate that, with equal allowances, fits of the former type are the 
more effective in resisting both torsional and axial stresses. This 
permits, apparently, for the same unit grip, a decreased allowance 
in shrinkage. The differences in grip lie, doubtless, in the methods 
of making the two joints. In shrinkage, there is, in cooling, sim- 
ultaneous contact over the entire area of clean metallic surfaces, 
without relative axial movement of the latter except that due to 
contraction, while, in a pressure fit, surfaces lubricated originally 
to a greater or less extent, are not only abraded, but the passage 
of the inner member produces a longitudinal stress within the in- 
ner layers of the hub. 

If, in (15), the quantities in the right-hand member be kept 
constant, there will be for the same radial pressure and grip, a 
uniform allowance per inch of diameter for shrinkage or forcing. 
This uniformity, while by no means universal, is the practice of 
many large companies, a frequent allowance for steel being one 
one-thousandth of an inch (0.00 1 in.) per inch of diameter. Since 
the value of p depends upon that of the thickness, there must be 
also with increasing diameter a proportionate growth in thickness. 
When, as in Table IV., there is a decreasing unit-allowance with 
increased diameter, there will be lessened grip, which reduction 
must be met by an augmented length of hub. In any case, with 
diameters of 2 inches and upward, keys should be fitted between 
the shaft and hub as an assurance against slip. 

2. Length. — Let Px R =^ driving moment,*^ = polar modu- 
lus of section, S^ = maximum shearing stress. Then, for a solid, 
cylindrical shaft of diameter, d : 

^ « ^ / ^ ^^* 

/'x^ = 5.x ^=5.x jg. (16) 
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From (62, C) : 

d 
Qxr^ndSJlx-' (17) 

Taking 5^ and S^ as constant and equating (16) and (17) : 

l^Kd, (18) 

where AT is a constant. Therefore, with a constant radial stress, the 
hub-length should vary as the diameter, in order to make the grip 
equal to the full strength of the shaft in torsion. 

3. Thickness. — Let Fig. 5 represent the transverse section of 
a closed, hollow cylinder (of inner and outer radii R^ and R^, 
initially unstressed but subjected to the internal radial pressure 
P^. For these conditions, equation (23) for the stress t at radius 
R^ becomes : 






^0 



from which it appears that, if / = /J^ =s ultimate tensile strength, 
i?j becomes infinite, /. e,, no thickness whatever will prevent rup- 
ture. Further, from (64, C), P^ = t x />, and, as />, in an initially 
unstressed cylinder, is always less than unity, the ultimate tensile 

stress /, as above, will be reached before P^ attains the same in- 
tensity. 

Again, for one side : 

Area of Load Diagram O-d-e-f^^ ^o-^o J 

Area of Resistance Diagram, a-b-c-d = I tdr = PJR^^y 

Jbo 

in which r = radius of any point within the wall and / = tensile 
stress at that point, as given by (23). It is apparent, therefore, that, 
for any given values of /J,, R^, and the ultimate tensile strength, there 
is but one value of R^ which will satisfy the equality of the areas, as 
above, which value may be found from (19) by taking / at, or 
within, the elastic limit, making P^ < /, and solving for R^ With 
regard only to adequate strength, no useful purpose will be served 

by increasing the value of R^ thus obtained. Finally, by substi- 

P 
tuting ft = ^ and Sj = /J, in (38, C), there will be obtained the 

total allowance for the prescribed diameter. 
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4. Form. — With regard to the form of the contact-surfaces, a 
slightly tapering hole and corresponding inner member have ad- 
vantages over the plain cylindrical shape, in that, with the latter, 
the entrance of the hole must withstand the strain of abrading 
and compressing the pin or shaft throughout the length of the fit. 
The tapered member, on the contrary, enters without contact for a 
considerable distance and is thus well guided ; the compression, 
upon engagement, is distributed over a greater area ; the parts are 
separated readily when a renewal of the fit is desired ; and the 
drawings may be marked : " Fit pin — inches from the end of the 
hole," which is the most trustworthy way of measuring the allow- 
ance. The disadvantage of this form lies in the difficulty of secur- 
ing, with the accuracy required, the same taper in both members. 

3. Metals. 

From (9) it will be seen that the radial stress of the inner mem- 
ber and the circumferential stress within the outer, depend directly 
upon the modulus of elasticity E of each material so stressed. 
This follows since ^fi* is a measure of the stiffness of a metal, /. ^., 
the stiffer the latter, the less will be the deformation (strain) under 
a given stress and the larger the modulus. The following are 
general values : 

Elastic Limit. 

Cast Iron. IVrought Iron. Steel. 

Tension 6,000 25,000 50,000 

Compression 20,000 25.000 50,000 

MoDi'Lus OF Elasticity. 

Cast Iron. Wrought Iron. Steel. 

Tension 15,000,000 25,000,000 30,000,000 

Compression 15,000,000 25,000,000 30,000,000 

The circumferential stress of the outer member is the important 
element, especially when that member is of cast iron, a metal which 
has, in tension, a very low elastic limit, as compared with that, in 
compression, of the steel or wrought iron of the inner member. 
Cast iron is also, in tension especially, a very uncertain metal, 
owing to differences in composition, in the size and form of the 
casting, and in the intensity of the original shrinkage strains. 
Professor J. B. Johnson gives E for cast iron as varying from 
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'< 10,000,000 to 30,000,000 ; but, for ordinary foundry iron, it may be taken at from 
12,000,000 to 15,000,000. * * * The modulus of cast iron is approximately the same 
in tension, compression and cross-bending.'** 

Professor Burr, in commenting upon certain tensile tests of cast 
iron, says : 

" The metal is seen to be very irregular and unreliable in its elastic behavior. A 
large portion of the material can scarcely be said to have an elastic limit, although no 
apparent permanent set takes place under a considerable intensity of stress. In other 
words, although perhaps all tested specimens resume their original shape and dimen- 
sions for small intensities of stress, yet the ratio between stress and strain is seldom 
constant for essentially any range of stress, "f 

4. Forcing Pressures. 

The pressure required, at any given time during the process, of 
making the joint, depends, approximately, upon the radial stress, 
the character and area of the surfaces in contact, and the coeffi- 
cient of friction. 

• I. Character of Surfaces. — This will vary with different 
metals and with the standard of workmanship. If the surfaces 
are smooth but not accurately of the same form, the radial and 
forcing pressures will be irregular in intensity. With rough sur- 
faces the frictional resistance will be increased ; and, in extreme 
cases, longitudinal cutting, uneven bearing, and lessened grip may 
follow. 

2. Coefficients of Friction. — In a pressure fit there is not 
only surface abrasion but the material of the outer member must 
be forced aside by the forward part of the advancing inner mem- 
ber ; and, if the elastic limit of the softer metal be exceeded, some 
flow of the latter occurs. The resistance is not, therefore, purely 
frictional and the usual coefficients of friction do not give an ac- 
curate measure of its amount. In discussing shrinkage and pres- 
sure fits, Reuleaux takes /= 0.2 which is the value used by Weis- 
bach for the usual metals in a dry state. The results of experiments 
presented in Table I. show, as a rule, much lower values of/" 
than that quoted above. On the other hand, Rennie, from ex- 
periments upon solids usually unlubricated, gives, for pressures 
per sq. in. ranging from i86| to 560 lbs., results, for the coeffi- 
cient of rest, as follows '.% 

* ** Materials of Constraction,'* 1898, p. 476. 

t ** Elasticity and Resistance of Materials of Engineering," 1897, p. 279. 

X Thurston, ** Friction and Lost Work," 1898, p. 215. 
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Wrought iron on wrought iron, /= 0.25 to 0.41 ; 
Wrought iron on cast iron, / = 0.28 to 0.37 ; 
Steel on cast iron, /== 0.30 to 0.36. 

Abrasion occurred in the first case at 672 lbs. pressure ; and, in 
the latter case, at 784 lbs. Broomall * gives, for static friction, 
as above : 

Cast iron on cast iron, dry, /:= 0.3114; 

Steel on cast iron, dry, y= 0.2303 ; 

Steel on steel, dry, y = 0.4408. 

Since the value of the coefficient is affected by conditions as to 
motion and rest, temperature, lubrication, and speed of rubbing, 
reported results vary considerably. Both shrinkage and forced 
fits have higher radial pressures than those which prevail in the 
usual friction tests ; the resistance in forming a pressure fit is not 
purely frictional ; the force required to break such a joint may 
be less than that of making, if the elastic limit has been exceeded ; 
and pressure fits may be lubricated only to the extent of wiping 
the surface with oiled waste, although a lubricant of white-lead 
and oil, mixed to the consistency of paint, is frequently used to 
prevent cutting. In view of these conditions the application to 
these joints of the usual coefficients for unlubricated metals, is 
inadvisable. 

5. Shrinkage Temperatures. 

Let e =» unit diametral or circumferential deformation ; a = co- 
efficient of linear expansion for a change of one degree F. ; 
/ = number of degrees of change. Assume an outer member of 
steel with an allowance of 0.00 1 in. per inch of diameter of fit. 
Then (Fig. 4) : 



Substituting : 



• ^ — - r € 

e = -^ — -~ = a X / ; / = - • (20) 



0.001 ^ ^ 

/= -.- = 154° F., 

0.0000065 ^^ 



i, €,, a raise in temperature of this amount would give the mem- 
bers the same diameter. The usual shrinkage-temperature of 
wrought iron and steel is about 600®, the increase providing for 
greater allowance, for clearance in assembling, or for both. The 
value of a for cast iron is 0.0000062 per degree F. 

^Lineham, " Mechanical Engineering," 1898, p. 868. 

VOL. XXIII —XI 



154 



THE QUARTERLY, 



6. Shrinkage vs. Pressure Fits. 

Table I. gives the results of comparative tests made under the 
supervision of Professor Wilmore * upon cast-iron discs which 
were either forced or shrunk upon steel spindles, the latter being 
pulled from the discs in the " tension " tests or twisted in the holes 
in measuring the grip in torsion. 









Table I. 








No. 


Fit. 


Test. 


i,ooo 


* 


Sx 


5. 

10,116 


/ 


I 


P 


Tension 


O.OOI 


1 

9,700 


0.033 


2 


S 


It 


5,320 


(< 


- <( 


44 

1 


0.170 


3 


S 


(< 


5.820 


<< 


41 


44 


0.190 


4 


s 


Torsion 


2,200 


<i 


44 


44 


0.072 


5 


p 


Tension 


2,150 


0.0015 


14,516 


15,275 


0.047 


6 


p 


Torsion 


2,200 


<< 


44 


44 


0.048 


7 


p 


<< 


2,800 


(( 


44 


44 


0.061 


9 


s 


<( 


9,800 


<( 


44 


44 


0.210 


lO 


p 


Tension 


2.570 


0.002 


19,355 


20,366 , 


0.042 


II 


s 


f< 


7.500 


it 


44 


44 


0.120 


12 


s 


4< 


8,100 


C( 


4< 


44 


0.130 


«3 


p 


Torsion 


4,200 


(( 


4< 


4< 


0.069 


14 


p 


Tension 


4,000 


0.0025 


24.194 


25.458 


0.053 


15 


s 


<< 


9,340 


<( 


<4 

1 


<4 


0.120 


i6 


s 


<< 


9,710 


«( 


44 


44 


0.130 


17 


p 


Torsion 


4,600 


i( 


44 


44 1 


0.061 


i8 


s 


i< 


13,800 


44 


44 


44 


0.190 


19 


s 


i< 


17,000 


0.003 


29,OCO 


_ 30,550 , 


0.190 



The discs were 6 in. in diameter and i in. thick, with, on one 
side, a boss 2 in. in diameter, projecting \ in., giving a bore i^ 
in. long and i in. in diameter. The spindleg of machinery steel 
were i^ in. in diameter, turned at the contact-surface to i in. 
plus allowance for a length of i^ in., which length was reduced 
by a taper at the extremity and a shallow groove at the top, each 
\ in. long, making the bearing surface i in. in length. 

The number of spindles tested was 19. The diameter of the 
various sets differed by 5 ten-thousandths of an inch, the finished 
dimensions being i.ooi in., 1.0015 in., 1.002 in., 1.0025 in. and 
1.003 ^^^- The pressure fits were made without lubrication, other 
than that from wiping the surfaces with oiled waste. The spindles 
and holes were found to be in good condition after the tests. The 
maximum force required to move each spindle is given as Q in the 
table. After movement had occurred, a less force was required 
to continue it or begin it anew. Columns Nos. i to 5, inclusive, 
of the table were taken from the data of the tests ; the values in 

* American Machinist ^ Feb. 1 6, 1899. 
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the remaining columns were computed from formulae (15), (38, C), 

(62, C) and (64, C), 

Accuracy in calculating the intensities of the stresses S^ and S^ 

and the coefficient /, is to some extent prevented by the boss, 

groove, and taper described above. The approximation given 

should be, however, sufficiently close for service. The value of 

d 2.5 

- was made = = 5, whence/? = 0.946. Since both the length 

and diameter of the contact surface — i in., ^ = allowance in each 
case. The coefficients E^ and E^, were taken as 30,000,000 and 
15,000,000 respectively. Shrinkage and pressure fits are marked 
respectively *' S*' and "Z'," in the second column of the table. 

The calculated results show very low coefficients of resistance 
and very high circumferential stresses. Since the ultimate tensile 
strength of cast-iron ranges between 15,000 and 35,000 lbs. per 
sq. in. and the discs were of good quality, rupture of the inner 
layer of the bore did not occur ; but the elastic limit, in the ma- 
jority of the tests, was exceeded. The superiority of the shrinkage 
fit is marked, as is also that of both types in torsion. Excluding 
tests Nos. 4 and 8, the results give average ratios of strength, as 

follows : 

Tension: Shrinkage to Pressure = 3.66; 

Torsion: Shrinkage to Pressure = 3.20; 

Shrinkage: Torsion to Tension = 1.50; 

Pressure : Torsion to Tension = 1.30. 

7. Stationary Engines : Data from Practice. 

Prevailing practice, with regard to diametral allowances in 
shrinkage and forced fits and the pressures required for the latter, 
varies considerably, owing to differences in the sizes of the mem- 
bers, the qualities of the metals, the workmanship upon, and lubri- 
cation of, the contact-surfaces, etc. There are given below, in 
tabular form, through the courtesy of leading manufacturers of 
stationary engines and similar machinery, records of allowances as 

follows : 

Table II., the Lane and Bodley Company ; Table III., the 

Russell Engine Company ; Table IV., a prominent stationary en- 
gine building company; Table V., the Buffalo Forge Company; 
Table VI., the B. F. Sturtevant Company ; Table VII., summary 
of Tables II. to VI. 
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Table II.* 



1 


Mean Diameter 
of Pin 


r 


Mean Diameter 

of Hole 

(in.). 


Total 
Allowance. 


Allowance per 
Inch. 


Area of Fitted 

Surface 

(eq./n.). 


Volume within 

Fitted Surface 

(cu. in,). 


Pressure to 
Enter Pin 

(tons). 


Pressure at 

Mid-position 

(tons). 


Maximnm Pres- 
sure (tons). 


I 


1.8798 


6.125 


1.8767 


.0031 


.0017 


36 


16.7 


2 


10 


20 


2 


1. 8819 


6.125 


1.877 


.0042 


.0022 


36 


16.7 


2 


' 15 


23 


3 


1.8774 


4.375 


1.8764 


.001 


.00052 


24.4 


13.7 


K 


I 


I 


4 


2.7455 


4.5 


2.7387 


.0068 


.00247 


38.7 


26.5 


3 


12 


25 


5 


2.7465 


4.5 


2.7437 


.0028 


.001 


38.7 


26.5 


5 


12 


23 


6 


3.261 


5 


3- 2542 


.0068 


.0021 


51 


41.5 


5 


20 


45. 


7 


3.2625 


5 


3.2555 


.007 


.002 


51 


4X.5 


5 


15 


30 


8 


3.267 


5 


3.261 


.006 


.0018 


51 


41.5 


5 


15 


20 


9 


4.2505 


6 


4.2402 


.0103 


.0024 


79.8 


85.1 


5 


22 


44 


10 


42388 


6.625 


4.2478 


.0091 


.0021 


781 


93.4 


12 


• 30 


60 


II 


4.2303 


6.5 


4.2224 


.CO79 


.0019 


95.8 


91 


10 


60 


125 


12 


5.9343 


4.0625 


5.9216 


.0127 


.0022 


75.7 


II2.2 


6 


16 


25 


13 


5.9381 


4 


5.9252 


.0129 


.0022 


74.4 


1 10. 4 


3 


18 


35 


14 


5.9294 


4.125 


5-9194 


.01 


.0017 


76.7 


II3.8 


5 


15 


25 


IS 


6.8829 


5.125 


6.8697 


.0132 


.002 


IIO.7 


190. 1 


8 


' 20 


42 


16 


6889 


5 


6.8785 


.0105 


.0015 


108 


185.9 


5 


22 


45 


17 


6.8692 


4.875 


6.855 


.0142 


.0021 


104.8 


180.4 


5 


35 


65 


18 


7.8884 


5-5 


7873 


.0154 


.C02 


135.9 


267.3 


5 


32 


64 


19 


7.8715 


6.5 


7.8575 


.014 


.0018 


160.5 


315.9 


5 


25 


50 


20 


7.862 


5.625 


7.846 


.016 


.002 


138.2 


272.8 


8 


40 


80 


21 


8.924 


6.125 


8.Q05 


.019 


.0021 


170.8 


378.9 


20 


45 


68 


22 


8.9 


6.75 


8.8848 


.0152 


.0017 


188.4 


419.9 


5 


47 


96 


23 


8878 


6.5 


8.8669 


.0112 


.0013 


180.7 


401 


10 


45 


92 



Table III.* 

Cast-iron Cranks. 



Diameter, 
In. 



105 

9 
12 

«* 16 

16 •• 18 



4 
5 

7>^** 
10 

12 



<i 





Shrinka^. 


Total Allowance, 


In. 








Pressure. 


s 


0.0045 
0,0030 
0.0027 
0.0025 
0.0020 
0.0015 








0.0090 
0.0060 
0.0055 
0.0050 
0.0040 
0.0030 



The practice of the B. F. Sturtevant Company is as follows : 

[a) Shaft couplings are bored 0.003 in. less than the shaft. The forcing pres- 
sure ranges from 6 tons for a 2~3/i6-in. shaft to 12 tons for a 5-in. shaft. 

(^) Crank-pins for cast steel crank-plates are turned 0,005 in. lai^e. The forc- 
ing pressure ranges from 25 to 28 tons for a 5-in. pin to 10-15 ^^^^^ ^*^'' small pins. 

(r) Crank-pins for cast iron crank-plates are turned O.009 in. to o.Oll in. latge. 
The forcing pressure is as in (^). 

(flf) Cast-iron Counter-balance Plates shrunk on Steel Crank- Discs, For diameters 
of 9 in. to II in., the total allowance is 0.007 in. With increased diameters, this 
allowance decreases, /. ^., for 13-in. diameter, total allowance =r 0.006 in. 

* Machinery^ May, 1 897. 
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^) 


Tabt.k 


IV. 








U 








(B) 


DIa., Shaft, In. 


Allowance. In. of Dia. 




Dia., Shaft, In. 




Allowance, In. of Dia, 


4 






0.003 




12 




O.OOI 


5 

6 


1 

1 


0.0024 
0.002 




»3 
15 




0.0009 
0.0008 


7 
8 


: 


0.0017 
0.0015 




17 
18 




0.0007 
0.0006 


9 




0.00135 




19 




0.00055 


10 


'■ 


0.0013 




22 




0.0004 


II 


1 


0.0012 




23 




0.00035 


12 


i 


O.OII 


24 




0.0003 


13 


1 


O.OOI ; 


26 




0.00025 


14 


1 


O.OOI 


27 




0.0002 


15 


1 


O.OOI 








16 
18 






0.0009 
00008 ! 








20 






0.00075 I 









(A) Steel shaft and pin to cast-iron cranks. Average pressure required = 12.5 
tons (2,000 lbs. ) per in. of dia. 

(B) Steel shaft to cast iron wheel hubs. Average pressure required = 10 tons 
^2.000 lbs.) per in. of dia. 

Table V. 







Pressure Fits 


 








Shrinkage Fits. 


I>ia., 


In. 




Total Allowance, 

O.OOI 
0.002 
0.003 
0.005 
0.008 
O.OIO 


In. 


Dia., 

1 to 

2 «* 

4 '* 
6 " 

9 " 
12 ** 


In. 




Total Allowance, In. 


1 to 

2 " 

3 *• 

5 " 

7 '* 
10 ** 


2 

3 

5 

7 

10 

12 


2 

4 
6 

9 
12 

18 




O.CO9 

O.OIO 

1/64 = .0156 
3/128 = .0234 
1/32 =.0313 
3/64 = .0469 



From the practice of the B. F. Sturtevant Company, with regard 
to crank -plates and discs, we have : 



Table VI. 



Metal. 



-Cast steel. 



If 


iron. 


5 


it 


ti 


II 


u 


*' 


13 



IMameter. 

5 in- 
t f 

4( 



Allowance Per Inch. 

o.ooioo in. 
0.00200 ** 
0.00064 *• 
0.00046 *• 



Type. 



Pressure. 



«i 



Shrinkage. 



II 



In Table II. the outer member of No. 1 1 was a crank-disc of 
cast steel, which, with less allowance, required twice the maximum 
forcing pressure used with No. 10. In about 75 per cent, of the 
fits, the maximum pressure was twice that at mid-position. The 
allowance for shrinkage in Table II. is one-half that for pressure 
{§ 2, Allowance), and, in both types, the unit-allowance decreases 
with increased diameter. The latter is true also of the fits re- 
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Table VII. 

Summary. 



Diameter, 
In. 



Table II. 

<< 



1.8798 
4.2505 

8.9000 



Total Allowance, In 
Shrinkage. 



111. 


4 


II 


7.5 


II 


16 


IV. 


4 


tl 


8 


It 


16 


V. 


I 


il 


4 


It 


5 


«« 


9 


n 


10 


VI. 


5 


II 


5 


It 


II 


II 


13 



to 

II 
II 



5 

9 

18 



It 



n 



II 



II 



II 



2 

6 

7 
12 

12 



0.0045 
0.0027 
0.0015 



0.0090 
0.0156 

0.0313 



0.0070 ) 
0.0060 



Pressure. 



Members. 



0.0031 
0.0103 
0.0152 
0.0090 
0.0055 
0.0030 
0.0120 
0.0120 
0.0144 
O.OOIO 

0.0050 

O.OIOO 
0.0050 
O.OIOO 



j Shaft, steel ; hub, cast iron, 
ft ft »i II II 



II 



It 



II 



II 



II 



\ Crank, cast iron. 
It 



II 



II 



n 



It 



It 



n 



n 



II 



it 



shaft, steel. 



It 



1 1 



II 



II 



/ 



Shaft, steel; crank, cast steel. 

" ** •' «' iron. 
Cast-iron counter-balance 

plates on sleel crank discs. 



corded in Table IV., in which, further, the allowance differs with 
the outer member, being less for a wheel hub than for a crank, 
owing doubtless to a difference in the thickness of the metal sur- 
rounding the shaft. The allowance and length of hub are so pro- 
portioned that the forcing pressure per inch of diameter is about 
uniform throughout the range of each type. In Table V., the allow- 
ances for pressure fits are practically uniform per inch of diameter, 
while those for shrinkage fits decrease with increased diameter. 
The latter also exceed considerably the corresponding pressure- 
allowances. Table VI. gives double the allowance for cast iron as 
compared with steel and a decreasing allowance with increased 
diameter. 

8. Marine Engines : Data from Practice. 

In marine practice, shrinkage fits are used in assembling " built- 
up " crank-shafts and in securing the bronze casing of propeller- 
shafts. Pressure fits are employed occasionally with crank -shafts 
and frequently with smaller work. With regard to shafts, Mr. 
H. F. J. Porter says : 

" In the built-up type, the various parts are small and can be carefully worked, 
and, if necessary, bored and oil -tampered. Tlie physical properties of the metal can, 
therefore, be raised to the highest possible limit. The forcing or shrinking process* 
however, always puts a strain on the metal which will act as an initial load, approach- 
ing possibly close up to the elastic limit. In the solid type, on the contrary, a very 
large ingot would be required ; and, as such a crooked forging cannot always be oil- 
tempered with safety, the physical properties of the metal cannot usually be raised hy 
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heaC-treatment. The metal, however, can be relieved of all strains by annealing ; and, 
if properly designed, should work satisfactorily against externally applied stresses for a 
very long time.*'* 

When it is possible to make the crank-shaft in sections of 
moderate length, interchangeable or otherwise, each section con- 
taining one or more pairs of cranks, these sections may be forged, 
each from a single ingot, bored and oil-tempered, thus obtaining 
high physical characteristics without the initial stresses due to 
building up. 

The necessity for casing the after, or propeller, section of a 
marine shaft with non-corrodible material lies in the exposure of 
that section to the action of sea- water, both in the " stern -tube " 
and, sometimes, beyond the latter when the shaft extends through 
the water to the strut-bearing and propeller. Within the tube the 
bearings are of lignum vitae and the lubricant is, as a rule, sea- 
water, the forward end of the tube being closed by a stuffing box. 
To prevent corrosion the practice, for years, has been (Fig. 6, a^ 
b) to encase the after section of the shaft in a bronze sleeve, made 
in short (3 ft.) lengths, shrunk on, with lapped and recessed joints, 
the latter being sealed on the outside with soft solder. Since the 
torsion of the shaft tends to ^ ^, 

loosen the casing, the latter is se- 
cured further by pins or tap- 
rivets. The casing should be 
recessed within the propeller-hub 
and should make an absolutely 
water-tight joint with the latter. 
As a rule, a protecting ring of 
zinc is fitted also as an additional 
precaution against galvanic action 
between the casing and shaft. A 
less usual practice than the use 
of the bronze sleeve, as above, is to leave the shaft uncovered, to fit 
a gland at the after end of the stern-tube and to keep the latter 
filled with oil or tallow. In U. S. Protected Cruisers, Nos. 20 to 22, 
the diameter of the propeller-shaft is 18 in. and the casing thick- 
nesses are i in. at forward and i^V in. at after bearing, J in. at the 
laps (i in. long), and | in. elsewhere. The following data are 
given through the courtesy of leading builders of marine work. 




« (I 



Fatigue of Metal," dc. Jour. Franklin Institute^ Dec, 1897. 
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SHRINKAGE AND PRESSURE JOINTS i6i 

I. The practice of the Midvale Steel Company, Philadelphia, 
Pa., is as follows : 

{a) Shaft Casings. — A new stern-tube shaft for the American 
Liner New York was made recently at these works. It was 40 
ft. long, 20^ in. diameter, and was cased partially withtwo bronze 
sleeves, each 8 ft. long, fitted by shrinkage, the total allowance 
for the latter bring 0.013 >"• =* 0.000634 in. per inch of diameter. 
To secure uniform expansion, the casing was set vertically and 
heated internally by gas, the latter issuing from a pipe a little 
longer than the sleeve, inserted within the latter, and perforated for 
the flow. When the bore as gauged showed sufficient expansion for 
a free fit, the sleeve was slipped in place, held firmly at one end, and 
cooled by water at the latter until contraction and grip occurred. 

{b) Crank-shafts. — An allowance of 0.00 1 in. per inch of diam- 
eter is made for steel. The method of building up is shown in 
Figs. 7 to 16, inclusive. The crank-pin is finish-machined and a 
cross-piece (Fig. 9), for guiding it when inserted, is secured by 
screws at one end. The holes in the crank-webs for pin and shaft 
are bored in a vertical machine to within J^ in. of finished diameter, 
the tool (Fig. 7) being circumferential and two-bladed. If the web 
is less than 7 in. thick, the cut is made from one side in one setting ; 
otherwise, it is run half way through from each face. Then the 
two webs which form a pair are bolted to a portable surface-plate 
(Fig. 8), the latter is set on a horizontal machine, and the holes are 
bored to the diameter of the pin, less the shrinkage-allowance. 
The setting on the plate, with regard to parallelism and distance, 
is that required for the pin when the latter is in place. 

The webs are then heated in a sheet-iron furnace (Fig. 10), pro- 
vided with a burner of perforated gas-pipe (Fig. 1 1), sliding doors, 
and covered holes for occasional measurement of the bores by a 
gauge (Fig. 1 2) made to the exact diameter of the pin, the gauge 
being cooled in water after each test. When the expansion is 
sufficient for a free fit, the webs are removed from the furnace and 
the*pin is pushed home, being guided by the cross-piece so that 
the key-ways come flush, the latter being ensured by a loose false 
key (Fig. 13) which is inserted as soon as the pin enters the web. 
The pin is slung from a crane-hook, the sling being shifted, if the 
pin'is solid, when the latter has traversed one hole. If the pin is 
hollow, it rides on a heavy gas-pipe, passing through the bores 
and suspended by slings at the ends. 
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The webs and pin are cooled with water, the false key is taken 
out, and the permanent key driven home. The construction is 
then removed from the surface-plate and set in a horizontal machine, 
where the holes for the shaft are bored to the finished diameter, 
less shrinkage-allowance. The webs are then set with the bores 
vertical and one is heated as before. When the furnace is re- 
moved, a planed plate (Fig. 14) is placed under the heated web, 
a paper liner — ^which does not project into the bore — is laid between, 
and^ the plate is forced against the web by three or four screw-jacks. 
The shaft is then slung vertically over the bore and lowered until 
it meets the plate, the downward projection due to the liner being 
sufficient to make the end of the shaft and the face of the web 
flush, when cooled by water. False and permanent keys are fitted, 
as with the pin. While lowering, the shaft is guided by a wooden 
frame (Fig. 1 5). 

The remaining portion of the shaft is then shrunk into the other 
web ; the completed section is set in a lathe ; the shaft and pin are 
tested for parallelism ; and the centers of the shaft are drawn to cor- 
rect any error. The section is then finish-machined and joined 
by shrinkage with others. The entire shaft is then placed in a line 
of V-blocks (Fig. 16), accurately set on a bed, for the final tests 
in calipering, parallelism of center-lines, faces of webs and coup- 
lings, and to determine whether the two latter are square with 
the center-lines. Any errors detected are corrected by hand- 
work. 

2. Examples of the practice of the Union Iron Works, San 
Francisco, Cal., are given in Table VIII. 



Table VIII. 



Members. 



Steel Crank to Steel Shaft. 14 

Wro't-iron Crank to Wro't-iron Shaft. 8 
Cast-iron Crank to (hard) Steel Shaft. | 8 
•*, " ** ** (soft) ** ** I 8 
Wheel Hub (C. I. hard) «* " \ ! _ ... 
Length of Fit, 36-in.; Mean Dia'r. / '/-^3/04 
As above ; hub of soft cast iron. I 

Cylinder- Liner, cast iron, hard.* ) 
In Cylinder ** ** medium, j 

As above. 



<< 



If 



80 

60 
30 



Diam. Ins. — 



Total Allowance. 



Shrinkaj^e. 

0.015625 
0.0125 



* Pressure fits now discontinued. 



Pressure. 

0.00938 
0.007 
0.00938 
0.00938 

0.003125 

0.003125 

0.0219 

0.015625 
0.0125 



ForciDff Pres- 
sure, Tons. 



100 to 150 
80 «* 100 
80 
20 

80 
30 

40 to 60 
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3. The practice of the New York Shipbuilding Company, 
Camden, N. J., is as follows : 

{a) Allowances. — ^These, in shrinkage or pressure fits in iron or 
steel, are one one -thousandth of an inch (o.ooi in.) per inch of 
diameter of fit, plus one one-thousandth of an inch (0.00 1 in.). 
Thus, on a 2-in. diameter, the allowance is 0.003 in.; on a lo-in. 
fit, 0.0 1 1 in., etc. 

(J?) Form, — With large fits, both the inner and outer members 
have a taper of -^^ in. to the foot, the allowances being as above, 
If the conditions are such that it is more convenient to ream the 
hole with standard parallel reamers, the inner member is tapered 
one half thousandth of an inch (0.0005 in.) per inch of length, 
unless the fit is so long that this taper would reduce the allowance 
at the small end to less than one-half that at the other extremity 
of the joint. 

{c) Drive Fits, — For these, the allowance is one-half that for 
shrinkage or pressure joints. 

{d) Shaft' Casings, — ^The allowance is one-half that for a shrink- 
age fit on heavy work. 

4. The Harlan and Hollingsworth Company, Wilmington, Del., 
give, in built-up shafts, a shrinkage allowance of one one-thou- 
sandth of an inch (0.00 1 in.) per inch of diameter; and, in shaft- 
casings, one-half of this amount, /. e,, 0.0005 *"• 



9. Railway Work: Data from Practice. 

In railway work pressure fits are used in securing wheels to 
axles and crank-pins to driving wheels while the tires of the lat- 
ter are shrunk in place. A pair of drivers consists of the axle of 
wrought iron or steel, the wheel -centers of cast iron, the tires of 







Tabt.e IX. 


Diameter, Wheel Center, 


In. 


Total Allowance, Tire, In. 
A B 


38 
44 
50 
56 
62 
66 


0.040 0.0312 — 1/32 
0.047 0.0469 == 3/64 
0.053 0.0625 = 1/16 
0.060 0.0625 — '/'^ 
0.066 0.0781 — 5/64 
0.070 0.0781 — 5/64 



Steel, and the crank-pins of the latter metal. In assembling these 
parts, the wheel-centers are first driven on the axles and keyed 
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The tires are then shrunk on, the holes bored for the crank -pins 
and the latter pressed in. Finally, the tires are turned to the fin- 
ished size. 

1. Tires, — In 1886-7 the American Railway's Master Me- 
chanics' Association recommended and adopted the diameters and 
allowances printed, through the courtesy of that Association, in 
the first and second colums of Table IX. These allowances have 
not met universal use ; and, in column B the practice of a prom- 
inent road, for the same diameters, is presented. The fit is cy- 
lindrical between the wheel-center and the tire. The latter is 
heated usually by gas-jets set about its circumference ; and, when 
expanded, is placed on the wheel-center and allowed to cool. 
Tires thus secured resist the lateral thrust and rolling action until 
they are worn considerably, when they may become loose and 
require liners or refitting. 

2. Wheel-Fits. — ^The joint is cylindrical. The pressure re- 
quired for mounting the wheel is usually 9 to i o tons per inch of di- 
ameter of fit; for removal, the total pressure may be 100 to 150 
tons, depending on the condition of the joint as to rust, etc. The 



mechanism used in these operations i.s shown by Figs. 17 and 18, 
which represent the 400-ton wheel-press made by. and illustrated 
herein through, the courtesy of, the Niles Tool Works Company, 
Hamilton, Ohio. 

The press consists essentially of a hydraulic ram ; a resistance 
head, or abutment, sliding on tension-bars to which it may be 
keyed at the required distance from the ram-head ; and supporting 
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hooks for the axle, depending from the upper bar. The resistance- 
head has a central bearing for the axle, to enable the latter to lie in 
the line of pressure. In mounting wheels, the axle, with each wheel 
started on its lit, is hoisted into the hooks and resistance-head, and 
the ram, acting on the hub next to it, drives both wheels home. 
In dismounting, the resistance-head is moved nearer to the ram, 
the stop-block shown in the head is removed, and the axle is laid 
within the latter. The ram then engages the axle and forces it 
out of the wheel, after which the axle is reversed and the remain- 
ing wheel removed in a similar way. 



The ram ^ is a solid iron casting, provided, at the rear, with 
cupped leather packing. The cylinder is of strong and dense cast 
iron, lined with J in. copper, the latter being spun into place 
and beaded over the counterbore. Water from the pumps en- 
ters at rf ; a release-valve /, operated by a hand-wheel, pennits 
the fluid to escape, when desired, into the tank ; a safety-valve, e, 
limits the pressure to 6,000 lbs. per sq. in.; and the chains and 
counter-weight retract the ram when the release valve is opened. 

The pump is provided with two plungers, i J in. and i in. diam- 
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eter, respectively, each operated by an eccentric on the driving 
shaft. The plunger chambers are separate, each being provided 
with suction and discharge valves. Through the suction pipe to 
each chamber a tripping rod, r, passes, which, when elevated, lifts 
the suction valve from its seat and thus stops the delivery from 
that chamber while the shaft still rotates. The rod, r, is connected 
externally to a lever and link, a support holding the latter in place 
when the suction-valve is operating. It will be seen that the trip- 
ping rods provide a very quick method of throwing either or both 
pumps out of operation — an action which is essential, since, when 
the wheel has reached the end of the fit, the inflow to the cylinder 
should cease at once. 

In starting the press, the belt is shifted to the tight pulley, the 
trip-rods are lowered and both plungers operate until such a pres- 
sure has been obtained as the belt permits. Then the suction 
valve of the larger chamber is tripped and the work continues 
with the smaller plunger until the limit of the fit is reached, when 
the remaining suction valve is raised and further movement of the 
ram is prevented. 

10. Shrinkage in Gun Construction. 

The stresses to which a gun is subjected upon the explosion 
of the charge are : First, a radial pressure tending to split it on 
an axial plane ; and second, a longitudinal stress acting to rupture 
it on a plane transverse to the axis. There must be considered 
also in design the radial compression of the bore — due to the 
shrinkages of the exterior cylinders — which, when the system is 
at rest, the inner layer must withstand. 

To secure equal strength throughout without undue weight, the 
material should be so arranged that every portion does its full 
share in resisting the pressure from within. Fig. 5 shows the 
rapid reduction in stress toward the exterior of a homogeneous 
cylinder, the tension in the outer layer being but two-fifths of that 
in the inner, when Ry = 2R^. This uneconomical distribution of 
the metal and the fact that the elastic strength of the latter is, in 
such cylinders, the limit of the allowable internal pressure P^, led 
to the abandonment of cast guns, although some measure of com- 
pressive, reinforcing stress upon the bore may be obtained, during 
casting, by cooling the inner wall first, thus producing tension in 
the outer layers. 
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Maximum economy of material will be attained when the 
stresses throughout the walls are, at all points, upon the explosion 
of the charge, not only approximately equal but also the greatest 
permitted by the elastic strength. This condition can be ap- 
proached only by placing the outer metal in a state of initial ten- 
sion, the result being, when the system is at rest, a compression 
and reinforcement of the inner layer, the latter being given thus 
additional strength, since the initial compression must be over- 
come by the pressure of the gases before tensile stress in the 
fibers will be produced. In order to develop these initial stresses, 
the gun is built of separate concentric cylinders shrunk one upon 
the other, the unit diametral allowance or relative shrinkage of the 
outer cylinders being such that, while these cylinders are thus 
normally in tension, they have still a margin of strength, within 
their elastic limits, to withstand the added tensile stress upon ex- 
plosion. The stress-diagrams for such a construction are shown 
approximately in Fig. 5, a, which represents a portion of a trans- 
verse section of a tube with superposed cylinder. The area, 
a-b'C'd, is the diagram of tangential stress for a single cylinder of 
the maximum radius and combined thickness, subjected to the 
internal pressure, P^. The area, e-g-f-c, represents the initial 
tension in the outer cylinder, and its equivalent, d-e-h-k, the initial 
compression in the tube. The areas, d-l-g-e and e-m-n-c, show, 
respectively, the tangential stresses in the tube and cylinder when 
under the internal pressure, P^. It is obvious that the latter 
areas are together equal to the original diagram, a-b-c-d, less that 
of initial compression, and plus that of initial tension. The 
possibility of reducing the stress at the bore is apparent. 
Since both radial and circumferential stresses change with each 
increment of radius, the greater the number of superposed 
cylinders in a given thickness, the more equable will be the 
disposition of stress under internal pressure. In practice (Fig. 
19), the number of such cylinders is, in large guns, four, viz.: 
the tube, a single forging, the length of the bore ; the jacket, 
encircling the tube from the breech -end about half way to 
the muzzle; two layers of hoops, superposed upon the jacket, 
the chase-hoop extending to the muzzle ; and tapering and 
locking bands. With regard to the radial and circumferential 
stresses in a gun thus assembled, Major Rogers Birnie, U. S. A., 
says : 
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'* The accepted theory of this mode of construction is to assemble the several rows 
of cylinders so that : 

In whatever state the system may be considered, none of the fibers of any cylinder 
in the structure shall be elongated or contracted beyond the elastic limits determined 
for such displacements by the free tests of the metal. 

With the system at rest this applies especially to the tube which, ordinarily, has to 
support alone, or without other assistance than the atmospheric pressure, the accumu- 
lated stress due to the shrinkages of all the outside cylinders. Under these circum- 
stances, the surface of the bore undergoes the greatest change of form by compression, 
so that the shrinkages of the outer cylinders must be limited to retain uninjured the 
elastic properties of the metal at the surface of the bore of the tube. ( It is, perhaps, 
an open question whether the compression of the bore may not, with advantage, be 
carried beyond this limit ; but, for the purposes of theoretical discussion, we assume 
that it should not be. ) 

With the system in action^ that is, subjected to the maximum interior pressure which 
it can support with safety, the cylinders or hoops composing each layer of the structure 
should work together to the elastic limit of their metal. Here, again, it is the interior 
fibers which undergo the greatest change of form in general by circumferential exten- 
sion in the outer cylinders and by radial compression in the inner cylinders. The theo- 
retical resistance of the gun must then be limited to retain uninjured the elastic proper- 
ties of the metal at the interior of any of the cylinders composing the structure. This 
involves the following considerations, viz. : As many of the cylinders as practicable 
should work together to the elastic limit of their material under extension ; but, when 
other cylinders are endangered from radial compression of their walls, the theoretical 
interior pressure must be curtailed to provide againht such over-compression, and the 
working tensions of the first-named parts will be correspondingly reduced. However, 
the wall of the tube (or part of the structure next to the bore) has always to support 
the greatest normal pressure with the system in action ; hence, frequently, in this state 
of the system also, the theoretical resistance of the gun will be limited by the strength 
of the tube to resist compresiion, in this case radial instead of tangential, as in the 
other extreme state of the system."^ 

Major Birnie considers that the longitudinal tension developed 
in firing may, without noteworthy error, be neglected in deducing 
the equations of equilibrium, expressing the relations between the 
tangential and radial resistances for any state of the system. 

I. Shrinkage FoRMULiE. — For the deduction which follows 
the author is indebted to Professor Philip R. Alger, U. S. N., 
formerly of the Bureau of Ordnance, U. S. Navy, now head of 
the Department of Mechanics, U. S. Naval Academy. Practically 
all of the guns in the U. S. Navy were assembled with shrinkages 
calculated by the formulae given below. 

In this deduction it is assumed : 

I. That there is no longitudinal stress on any layer. This 
would be true only in the case of a hollow cylinder under fluid 

* Ordnance Department U. S. A., '* Notes on the Construction of Ordnance," No. 
35. 



SHRINKAGE AND PRESSURE JOINTS, 169 

pressure and having both ends free, and is not true for a gun ; but, 
even with the latter, only the layer in which the breech -plug houses 
IS under direct longitudinal stress and that stress diminishes rapidly 
as we go forward from the breech-plug face. 

2. That a transverse section of the cylinder when at rest re- 
mains a plane normal to the axis of the cylinder when the latter is 
under strain — in other words, that the longitudinal strain is uniform 
over the whole section. This would be a natural result of the 
condition of free ends, but can be considered as only approximately 
true for a gun. 

3. That the total strain, in any direction, due to all the stresses 
is the measure of the tendency to yield in that direction, so that 
the limit of safety is reached, not when the stress in any direction 
equals the elastic strength of the material, but when the strain in 
any direction equals the strain which would be caused by the direct 
action of a single stress equal to that elastic strength. 

4. The ratio of strain, in the direction of the stress producing 
it to the accompanying strain at right angles to that direction, is 
taken to have the value 3. 

{a) Stresses and Strains. — Let a hollow cylinder of radii R^ and 
R^ be under pressure P^ from within and /\ from without, and 
let Tq and T^ be the resulting circumferential tensions at the 
inner and outer surfaces. Also, let / and / be the circumferential 
tension and radial pressure at any point of radius r within the 
cylinder-wall and let e^, e^ and e^ be the tangential, radial and 
longitudinal strains at the same point. Also, let E be the modulus 
of elasticity of the material. Then : 

^•=i('+^)= ^'--i(>*+0= ^'--1(3-3) ("'^ 

and since, by hypothesis, e^ is constant, we have 

t ~~ p ^s, constant = k. 



But 



{\dr^P^^^P,R,; 



and, assuming /=r/'(r), this gives, 

f{r)] ** -P^, - P.J?. ; 
whence 
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f{r)=-pr; and so. t^f'{r)^-p-r-l 



dt 



dp 



Thus, we have t — p^^k and t + p^^ — '' >"• whence 



dr 



2p+k^-rj^, 



>&.' 



the integration of which gives 2/ + ^ = -^, where k^ is a constant 






of integration. Combining with / — / = k, we have t + p^ -\ 

These, then, are the fundamental equations which express the 
relation between circumferential tension and radial pressure at all 
points within the cylinder : 



/_/=*= r,-/>,= 7;-/', 



(22) 



Eliminating T^ between the last parts of these equations, we have : 






R,' - K 



and substituting this in the first parts of the same equations, we 
have, after combining : 



* — '^2 D 2 » 



/?,' - R, 



R* - ye/ 






(23) 



Substituting these values in the first part of (21), we have, for 
the tangential strains at the inner and outer surfaces, where r=sR^ 
and r = R^, respectively : 

I 6P,R,' - P,{4R* +_2R,') 
-■ - - 3W-X*) "'" 



<'r„ = 



'"''-£ 



(24) 



Suppose now the pressure P^ to be caused by a second cylinder 
(radii R^ and R^) embracing the first and itself under the external 
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pressure P^, Let the circumferential tension at its inner surface 
be designated as 7"/ (to distinguish it from T^, the tension of the 
outer surface of the inner cylinder, which is under the same radial 
pressure /\, but not at the same tension as the surface in contact 
with it) and that at its outer surface as 7^. Then, applying 
formula (24) to this second cylinder, we have, for the circumferen- 
tial strains at the inner and outer surfaces : 



fj^, — 



E • 3 W - A") 

I 6P,R* - />,(4ig.« + 2R*) 
£  3 W - ^.0 



(25) 



Finally, assuming P^ to be caused by a third cylinder (radii, R^ 
and i?j) whose outer surface is under no pressure, we have, for the 
circumferential strain at its inner surface : 



£tj ^* 



e. 



1 n2R*j^ARr) 



(26) 



Now let i, -^, and "i be the values fixed for the maximum 

strains of the three cylinders respectively, when under the action 
of the system of pressure P^, P^ and P^. Substituting these values 
for ej,^, ^jj/, and Cj,^, in (24), (25), and (26), we have 

^» - 4/?/ + 2/?,» "« 



^.= 



^o- 



3(/e,* - R*)d, + 6P^* 

3{R*-R,')e^+6P,R^ 
4R,' + 2R* 



(27) 



the last of which equations gives the internal pressure which the 
built-up cylinder will stand, if its parts have been so assembled 
that the inner surface of each reaches at the same instant the con- 
dition of maximum circumferential strain assigned to it. This, of 
course, implies a definite shrinkage for each cylinder, which shrink- 
age remains to be determined.! 

\ (6) Relative Shrinkages. — Observe now that equations (24), (25), 
and (26) give the tangential strains resulting from the pressures P^ 
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Pj, and P^, and that if we substitute for these pressures any simul- 
taneous changes in their values as p^^ /,, and /j, the same equations 
will give the corresponding changes of strain. But the surfaces of 
contact of the cylinders must contract and expand together and so 
the change of strain at the outer surface of each cylinder must equal 
that simultaneously occurring at the inner surface of the cylinder 
embracing it. Hence equating the second part of (24) to the first 
part of (25) and the second part of (25) to (26), after replacing 
P^, /\, and P^ by p^, p^ and p^, we have : 



R,\R,' - R,-)p, - R*{R* - R,')p, = o 



(28) 



the first of which gives the relation between simultaneously occur- 
ring changes in the pressures at the radii, R^y R^, and R^^ and the 
second, the relations between such changes at the radii, 7?, and i?,. 
If, now, in the first equation of (28), we make p^=z —P^ and 
/j = — Pj, we find : 

Rl(Rl-R,'')P,+^liRl-R,')P, 
>*•-- R;'{R,'-R,'^ ' 

and this is the change of pressure at the radius R^, which would 
result from the simultaneous removals of the outer cylinder 
which causes P^ and of the internal pressure P^ itself There- 
fore, substituting this value of p^ for P^ and — P^ for P^ in the 
second equation of (25), we have, for the change of outer diameter 
of the middle cylinder, due to removing the outer cylinder and 
suppressing the internal pressure, the expression : 

L (4^.' + 2R,')P, - 6R, 'P, 

E ' 3 W - K") 

But, by hypothesis, the strain at the inner surface of the outer 
cylinder, before the change just referred to, was ^, and, there- 
fore, the relative shrinkage of the outer cylinder must have been : 

<^« = £ r« + — j(K -J^f) — J' ^^^ 

To find f p the relative shrinkage of the middle cylinder, put 
— /J, for Pq and — P^ for /\ in the second equation of (24) which 
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gives, for the change in outer diameter of the inner cylinder, due 
to removing the outer cylinders and suppressing the internal pres- 
sure, the expression : 

_. (4/g„' + 2/?,')/>. - 6P^ * 

E"' 3W-R,') "' 
whence 

9. - m\9, + -^^RTZTRTs^ J- (30) 

By the term relative shrinkage is meant the difference of diameter 
per unit length of diameter of the surfaces to be superposed, so 
that the actual differences of diameter are 2R^ip^ and 2/?,f>j. 

{c) TIte Method of Procedure, then, is to calculate P^, P^ and P^ by 
formulae (27) and then determine the shrinkages by formulae (29) 
and (30). It may be, however, that the shrinkages thus found 
would cause excessive compression of the bore of the inner cyl- 
inder, when at rest ; and, if so, smaller values of 0^ and fl, must 
be used. To ascertain whether this is the case, eliminate p^ be- 
tween the parts of equation (28) which gives : 

p^—r^r^-rS^'' 

and, making /^ «= — /J, in this, the resulting value of p^ is the 
change of pressure at the outer surface of the inner cylinder due 
to the suppression of P^, Therefore, p^ -|- /\ must be the pressure 
on that outer surface when the system is at rest ; and this must 
not exceed : 

2R^ ' ^' 

since, if it does, the tangential compression of the bore will ex- 
ceed d^. 

As a matter of fact, however, experience seems to show that 
there is no objection to compressing the bore beyond the elastic 
limit of the material under tension, presumably because the elas- 
tic resistance to compression is really considerably greater than 
that so-called elastic limit of tension. 

It is also to be noted that no account has been taken of the fact 
that the radial strain at the inner surface of a cylinder may, and 
indeed sometimes does, exceed the tangential strain, while our 
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formulae assume that it is only the latter which must not exceed a 
fixed limit. This, too, can only be justified by the assumption 
that the material really has a higher limit of elasticity under com- 
pression than under tension. 

In assembling U. S. naval guns with shrinkages calculated by 
the foregoing formulae, 9^, d^ and 6^ were taken as the lowest 
elastic limit given by any specimen from the particular forging 
considered, excepting where the resulting compression of bore 
considerably exceeded d^, in which case d^ and 6^ were somewhat 
reduced. The formulae as given herein are, of course, easily ex- 
tended to cover cases where there are more than three layers. 

The tangential strain is really the change of length per unit 

length of the circumference and, so also, the change of length per 

unit length of diameter. An alternative nomenclature of the 

strains is as follows : Take a circle of radius r in the cylinder 

walls when at rest and suppose that, when the pressures act, each 

point of the circle moves outwardly Ar and axially JA, then 

Ar dAr 

the tangential strain is — , the radial strain is -j-, and the longitu- 

ddh 
dinal strain is — , . , these strains being what have been called 

e^, e^ and e^. 

{d) Radii. — If only the tangential resistance to internal pressure 
is to be considered, the maximum value of P^ will be obtained by 
making the radii increase in geometrical progression from that of 
the chamber outward, provided the several cylinders have the 
same elastic strength and the same modulus of elasticity. Thus, 
for the case of one cylinder superimposed upon another, make /J,, 

formula (27), a function of R^ {R^ and R^ being constant and 

dP 
0^ = tfj, differentiate, and make rp = o. After cancellation, we 

have -^j' = ^o^2» showing that the maximum value of elastic re- 
sistance for a given total thickness of a given material occurs when 
the radius of the common surface is a mean proportional between 
the inner and outer radii. For example, with the 6-inch gun of 
4-inch chamber-radius and 8-inch thickness of chamber-wall, the 
maximum resistance against tangential bursting stress would be 
secured by making ^^ = 4-inch ; ^^ = 4^3 ; -^2 = 4^9 »* ^"^ 
/?3 = 4^27 = 12. 

In practice, however, other considerations than tangential 
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stress prevent complete conformity with theory. In the first 
place, it is necessary to make that layer which takes the longitu- 
dinal strain of sufficient cross-section. In United States guns, the 
breech-block houses in the jacket or second layer and the area 
^{R^ — R^) must be adequate, being, in naval guns, about three 
times that of the rear end of the chamber, so that the longitudinal 
stress on the jacket, if uniformly distributed, is one-third of the 
chamber pressures. In French guns, the breech-block usually 
houses in the tube or inner layer, thus making R^ much greater 
than is necessary for resistance to the maximum tangential stress. 

Again, the tube thickness over the enlarged chamber should 
not be too small to prevent lining the bore with a thin tube, after 
the erosion of the powder gases has cut away the rifling and ren- 
dered the gun inaccurate. Finally, the necessity for keeping 
down weight, which prescribes a decreasing exterior diameter to 
correspond with the diminishing pressure toward the muzzle, to- 
gether with the need for avoiding sudden or great changes of sec- 
tion in the various forgings, sometimes dictates dimensions not 
otherwise desirable. 

2. Gun Construction. — The 16-inch Breech-loading Rifle 
(Type, Model 1895), completed^-except as to the final boring, 
rifling, and the hoops engaging the mount — during the year 1900 
by the Ordnance Department, U. S. A., at the Watervliet Arsenal, 
N. Y., is not only the most powerful gun yet built, but is also the 
largest construction ever assembled by shrinkage. The general 
data * are as follows : 

Weight of gun 126 tons (252,000 lbs.), of armor-piercing pro- 
jectile, 2,400 lbs., of powder-charge (smokeless), 576 lbs.; powder- 
pressure, 37,000 to 38,000 pounds per sq. in.; muzzle- velocity, 
2,300 ft. per second ; muzzle-energy, 88,000 ft. -tons ; penetration 
in steel at muzzle (De Marre's formula, normal impact), 42.3 in. ; 
range, 20,978 miles; height of trajectory, 30,516ft. (about 5^ 
miles) ; length of projectile, 5 ft. 4 in. ; cost per round, powder 
and shot, |l 1,000. 

{a) Description. — The gun is shown in section in Fig. 19. Its 
total length is 590.9 in.; external diameter at rear, 60 in., at 
muzzle, 28 in.; length of main bore, 448.5 in., diameter, 16 in. ; 
^fii^gy 96 lands, 96 grooves ; depth of groove, 0.06 in. ; the 

♦Ordnance Department, U. S. A., •* Notes on the Construction of Ordnance," 
No. 78. 
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rifling curve is a semi-cubic parabola, ranging from one turn in 50 
calibers to one in 25 at the muzzle. The cylindrical part of the 
powder-chamber is 90.7 in. long, and 18.9 in. diameter, and is con- 
nected with the bore by a conical slope 24 in. long. The volume 
of the chamber is 29,385 cu. in. The recess for breech-block is 
24.4 in. long, with a diameter at top of thread of 24.86 in. The 
breech-mechanism is after the "Stockett System." The gun* is 
built up of parts, as follows : 

The tube, 566.5 in. long, with a maximum outside diameter of 
29.3 in.; two C-hoops shrunk upon the tube from the forward end 
of the jacket to the muzzle ; the jackety 304.65 in. long, shrunk 
upon rear of tube, and overhanging the latter by 24.4 in. to form 
the breech-recess; the D-hoop, 144.5 *"• long, encircling forward 
end of jacket and rear of C-hoop, and having two locking 
shoulders in its bore which engage corresponding projections on 
jacket and C-hoop, thus preventing any sliding backward of the 
former or forward of the latter, from the shock of firing ; three 
A'hoops, A-i covering the joint between the Z?-hoop and the 
jacket, and A-2y A-j, being shrunk over the outer surface of the 
latter ; four B-hoops, encircling the -^-hoops. 



WdgfatB 


(lb».) 


Rough. 


Finbhed. 




Tube with C-hoops. 




124.351 


, 100,260 




Jacket. 
Hoop/). 




90,058 


73,900 






26,965 


23.900 




" Ai. 




19,859 


14,910 




" A' 2, 




16,137 


15,120 . 




" A-3. 


1 


20,163 


19,940 




" *B, 




1 






•« *B-i, B'2, B'j, 




58,620 


• 





The tube and jacket were each made from a nickel-steel ingot, 
not fluid-compressed, and octagon in section. After removing the 
discards, a longitudinal, axial hole was bored through the remain- 
ing block and the tube or jacket was then forged hollow on a 
mandrel under a hydraulic press. The completed forging was 
then rough-turned, bored, tempered in oil, and annealed. The 
hoops were made of fluid-compressed steel containing no nickel. 
Excepting that the ingots were round, the general process was 
similar to that for the tube and jacket. The hoop-metal was the 
harder, i. ^., having the greater elastic limit and tensile strength. 
All forgings were of sufficient total length to provide test-metal. 

* Awaiting decision as to carriage. 
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The specimens for tube and jacket were 0.564 in. diameter and 3 
in. long. The average physical qualities obtained in all tests are : 



Tube. 



Jacket. Hoopa. 



52,250 I 57.125 

87,800 ! 107,050 
22.16 19.28 



Elastic limit, lbs. per square inch. > 5i»375 

Tensile strength, lbs. per square inch. | 84,350 

Elongation, per cent. I 20.38 

Coiitraction, *« ** 1 41. 93 I 48.32 | 45-52 

(^) Shrinkage Furnace. — The furnace used in expanding the 
parts for assemblage is shown in Fig. 20. It consists of a 
wrought-iron ** cage " or frame-work A^ surrounding immediately 
a cylindrical wall B of fire-brick, the whole resting upon solid 
rock, at the 30-ft. level, in a corner of the shrinkage-pit (Fig. 21). 
The thickness of the wall is 13 in. and its internal diameter is 8 ft, 
4 in. A cylindrical muffle C, built of ^-in. boiler steel, sur- 
rounds the hoop to be heated. The outer diameter of the muffle 
is 6 ft. 6 in., there being, thus, an annular space, 1 1 in. wide, 
which forms a combustion-chamber for the burning gases. The 
furnace is 27 ft. 9 in. high ; its top is 2 ft. 3 in. below the floor- 
level ; it is closed by a removable cover Z?, which confines the 
steam and gases ; and the products of combustion are drawn off 
through a flue connecting the top of the chamber with the main 
chimney. 

Fuel oil is supplied through a 3 -in. pipe from a 5,000-gallon 
tank and enters the furnaces through 20 burner-openings E^ set 
in five tiers F^ of four burners each. The burner consists of an 
internal steam-pipe of ^ in. bore, the latter being reduced at the 
end to Y*^ in. Surrounding this is a ^-in. oil-pipe, the forward 
end of which is plugged and a -j^"^^- \^o\^ drilled therein, opposite 
the 1^^-in. opening in the internal pipe. The steam issuing at high 
velocity through the latter opening, carries the oil with it as a 
spray ; and its oxygen, combining with the oil, gives an intensely 
hot flame. The burners are so directed that the flame strikes the 
muffle at a tangent approximately, thus giving a rapid spiral move- 
ment to the gases. The muffle transmits the heat to the hoop 
and the circulation of air within it tends to make the temperature 
equal at all points of the hoop. The furnace-temperature is 
governed by a damper in the flue, by the number of jets burning, 
and by the amounts of oil and steam admitted. Each burner is 
surmounted by an observation opening, closed by a mica door. 
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Uniformity of heating is secured by the tangential direction of the 
gases and by the intervention of the muffle, the latter keeping the 
flames from impinging directly upon the hoop and thus causing local 
heating in excess. 

( c ) Shrinkage - Pil. — 
Within the same excavation 
which contains the shrink- 
age-furnace, the shrinkage 
pit (Fig. 21) is located, the 
latter being 60 ft. deep and 
cut from the solid rock. 
To hold the gun during 
the shrinkage processes, 
a cast iron chuck G is 
anchored in the concrete 
foundation at the bottom 
of the pit and an interme- 
diate chuck H is placed at 
the 3S-ft. level. Upon this 
level, also, there is con- 
structed a heavy plalform 
or " lipping rest" K, for 
supporting the lower end 
of the gun while it is lying 
in an angular position, afler 
having been brought to, 
and partly lowered within, 
the pit by two cranes. The 
platform enables one of the 

latter to lift the gun to a Fig. 21. 

vertical position and set it in 

the chucks. In ocder to handle the gun, when thuswithin thepit, two 
steel plugs, connected by a rod /in. in diameter and screwed into 
each, were fitted within the bore of the tube, the plug'at the upper 
end being arranged for connection with the bail on^the^crane-hook. 
A steam-pump to free the pit from the water used to cool hoops 
after assembling completes the equipment. 

{d) Assembling. — In preparation for the shrinkage of the jacket, 
the tube was placed in the pit, muzzle-end down, and water con- 
nections were made for interior cooling and for cooling the jacket 
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when seated. The latter was then heated for 30 hours and its 
bore calipered three times during that period to determine the ex- 
pansion. Upon removal from the furnace, it was measured, 
centered, and lowered in place and water was applied at the 
muzzle-end. The cooling continued for nine hours, the number 
of the encircling "water-rings" or pipes varying from four, as a 
maximum, to two at the close of the operation. The shrinkage 
of the C- and i^-hoops was effected in a similar manner. The 
y4 -hoops were assembled with the gun in a horizontal position in 
the lathe. The hoists of a crane were attached to straps secured 
to the hoop after heating and the latter was carried to the gun, 
seated in place, and cooled by water from the forward end. 
During contraction, the hoop was under the constant pressure of 
two 30-ton hydraulic jacks, one on each side, acting in the hori- 
zontal plane through the axis of the gun. It is proposed to effect 
the seating of the ^-hoops in a similar manner. 

{e) Expansion^ Shrinkage, and Clearance, — The expansion of 
the metal, per inch of diameter for each degree of temperature, 
was 0.000007 in. Thus, for an exterior diameter of hoop of 64 
in., the total expansion for 1° of temperature =« 0.000448 in., and, 
for 800°, = 0.358 in. Measured exterior diameters at several 
points on the surface of a hoop, if uniformly increased by ex- 
pansion, indicate uniform temperature and the amount of expansion 
shows the degree of temperature. Calling the diameter of the 
cold tube D, that of the cold hoop or jacket d, and the shrinkage s : 

Expansion = 0.000007 (Z? — j) = £ / 
Shrinkage =i D — d^= s ; 
Clearance =s E + {D — s) — D ; 
Diameter of jacket heated ^ E -^ {D — s). 
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SIZE OF GRAIN IN IGNEOUS ROCKS IN RELATION 
TO THE DISTANCE FROM THE COOLING WALL.* 

By AUGUSTIN L. QUENEAU, E.M. 

Introduction, — The object of this thesis is to present a study of 
the causes which are involved in the variation of the size of grain 
in igneous rocks and the experimental verification of the laws found 
by the study of the great intrusive sheet of Triassic diabase known 
as the Palisades. 

The geology of the immediate vicinity of New York not being 
very favored in igneous dykes of various composition, the Minette 
Dyke of Franklin Furnace, Sussex county, New Jersey, was chosen 
as affording satisfactory material. 

As far as I have been able to learn, to Dr. Alfred C. Lane,t of 
the Geological Survey of Michigan, must be given the credit of be- 
ing the first to present a solution of the variation of grain. 

The present thesis i;» based, in a general way, on his work. The 

mathematical treatment, however, is wholly different, and is only a 

particular case of the general theory of cooling presented by Prof. 

R. S. Woodward in the Amials of Mathematics, Vol. III. I am 

greatly indebted to Prof. J. F. Kemp for help in the field work and 

for the specimens from the Franklin Furnace dyke ; also to Prof. 

R. S. Woodward for help in the mathematical treatment of the 

subject. 

Conditions Affecting Cooling. 

It is a well known fact that the more rapidly a solution, obtained 
either by fusion or lexivation, is made to deposit its burden or to 
solidify, the finer is the grain of the precipitate, until if it is made to 
cool or precipitate suddenly a glass or an impalpable powder may 
result. 

These facts are easily observed in metallurgical plants, where 
some of the conditions met in nature are of daily occurrence. If a 
large slag pot is filled with liquid slag and allowed to stand undis- 
turbed for several days and the slag mass then broken up it 
will be seen that, close to the sides, a true glass has been formed 
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while at the center ; if the conditions have been specially favorable, 
crystals of several centimeters in length are encountered. 

The same observations, as to size of crystals, is made in nature, 
specially in intrusive dykes. Near the margin the rock is dense, 
often glassy, without any appreciable grain, whereas the grain be- 
gins to grow coarser according to some definite law, progressively 
as the distance from the walls increases. 

This general variation of grain is very plain even to the unaided 
eye, though in most cases the use of the microscope is necessary. 
The subject presents a practical interest because it may aid us to 
estimate the thickness of igneous rock through which it may be 
necessary to drive in mining operations. When a mineral deposit is 
intersected by an igneous intrusion a serious problem is at once 
involved, whether the dyke met with be thin or laccolithic in 
character. 

The solution could in most cases be readily obtained by the study 
of a few thin sections. 

The above remarks are true of all dykes, though with many 
vari^jtions, as must be expected from the greatly varied conditions 
of intrusion. 

The dyke may have been injected at a comparatively high tem- 
perature in walls either heated or cold ; or the intrusive magma may 
have been very near its point of solidification. 

The intrusive mass may have been dry or charged with steam- 
vapors, gases, the walls being porous or dense — thus allowing or 
preventing circulation of waters ; these in turn having a most im- 
portant bearing on the rate of convection of heat. 

Though all these various conditions have an important influence 
on the resulting grain of the igneous rock, many are not susceptible 
of a concrete mathematical expression. 

The loss of heat alone can be so treated. The theoretical case 
studied is the one presented by the cooling of a slab of finite thick- 
ness and of great length and depth with respect to the first dimen- 
sion, viz.^ the thickness. 

The equation obtained by means of the graphical representation 
of a simple particular case, throws considerable light on the rate of 
cooling and its discussion offers explanations for many features of 
dykes otherwise not easily accounted for. 

The method followed rests on the Theorie de la Chaleur of Fpur- 
ier, the fundamental principle of which may be stated as follows : 
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The conductivity being constant, the rate of flow of heat is pro- 
portional to the difference of temperature. 

Mathematical Treatment of the Diffusion of Heat in an 

Infinite Slab. 

Let 

v^ » initial uniform temperature of slab. 

7/ B temperature of any point distant 

.-X X from one side of slab at time / 

of the initial epoch. 
c 3s thickness of slab. 
c? = diffusivity of slab. 



> - 



Then 



du d^u 



(I) 



equation deduced directly from the general equation of Fourier's 
Theorie de la Chaleur : 



du _ K (^ 3^ du 



+ 5:5 + 






where K 
C 
D 

notation 



conducibility of magma 

its specific heat 

its mass per unit of volume. According to modern 



K 
CD 



^a\ 



Since the problem under consideration is restricted to a slab of 
finite thickness the equation is reduced to (i) 

(0 



du 



the solution of this equation may be expressed by 



then 



«=/(^.0 



u =/ (;r, /), for x 

u = u^, for / 

« = o, for X 

« = o, for X 



X and t 
o 
o 
c 



= /l 



J 



(2) 



(3) 
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The last two conditions are true supposing that the walls are 
kept to a temperature zero, taken at will, during the whole time 
in consideration. 

The expression which will satisfy (i) and the last two of (3) is 

2/= Ae-^^ sin ^t: - 

c 

provided that ^ is an integer and that 

The same conditions are satisfied also by 

u^A.e-^'^^^^'^sm 2n- 

c 

+ ^,f-«'C2irwc sin 2;r ^ 

^ c 

+ A^-«'(»'>*'/^sin 21:^ 

c 

+ 

^^^-«.f»r)«r<^sin tat^- 
** c 



The second of (3) requires that 

X X 

u^ = A, sin t: - + A^ sin 2;r - -f ... (5) 

c c 

To find the values of A^, A^ ... A^ ... which will meet this require- 
ment multiply both sides of (5) by sin mz dx and integrate be- 

tween ;r =0 and x-s^c 
Thus 

A I sin^ mi dx ^^ uA sin nn - dx 

for all other integrals vanish. 

Fourier (Freeman's Translation, p. 187, 188). 
Hence 

^^ = -^^ (i-cos«;r) (6) 

For even values of //, (i — cos «;:) vanishes, while for odd values 
(i — cos mi) = 2. 
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Thus 



A = 



4«o 

7: 



A.^o 



A = 



4«o 

'3^ 



A.^o 



A. = ^- •- 



4«« 



A =^''» 



and the equation (4) becomes 



«™ — 



—(f)'' • * 






+ J ^ ^ «' sm 3;r 



X 

c 



-\- *e ^* sin 5w- 



5: 



1 + 



or 



4«, 



* 2 



e "^ ' ' sin(2» + i) 



(7) 



n ».o 2/1+ I 

This is one complete solution of (i) and (3). 

The infinite series in (7) may be transformed into an infinite 
series of definite integrals, as follows: 

Starting from the equality 



placing 



e ^«*^=— I e-'^dy cos ^y 



thus (7) becomes 



l^ss 



4^ 



I ^ 4a«<^ 2 ^— -— sin(2« + i);r- cos(2« + i)jr;^ 
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' _ « V n = • 



Now 



2^ 



(8) 



— - - sin(2« +i);rlj' 1 

2« + I ^ '^ V ^r/ 



2 — ^— sin (2// + i)^(>' + -l has the following range of value, 

+ ^ for o<^j + -l7r<;r 
for2r<lj/ + - l7r<2;r 



etc. 



Similarly the other series has the following values. 



+ for TT < I J — \7:<,2n 



etc. 

Introducing these values in (8) and attending to the limits it is 
found that 



CUr 



U 3S 



aV nt 




c — 



4aU 



■"" 






-r: 



3+— (fly* 

c — 



e ^^c/y + 



Introducing for brevity in this 



^2 _ 



and 



^ 
4^^ 



w^ = 



2a>/ 1 



» w = 



2ay/ 1 



(9) 



it is seen that 






(lO) 
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It will be observed that (10) satisfies (i), that it gives « = o for 
jt'sb o, or jr = r, and that it makes « = i/^^ for / =» o and o < ;r < r. 
In the latter case 

^7Z 






= u. 



The values of I e''^dz are given in Oppolzer's ** Lehrbuch zur 

Bahnbestimmung der Kometen und Planeten," Vol. II., Table X., 
to ten decimals for arguments extending to two decimals. 

It is not of great importance to know the. exact time elapsed or 
temperature, the problem is more general if the solution represents 
the general relations between the temperatures and times for a par- 
ticular initial temperature u^. 

To simplify matters u^ has been taken as 



y/iz 



= . 8862 



Since m^ and m are numbers and since c is a distance it follows 

that 2a \/t is a distance these values are taken in function of c. 
It is only after trials that the convenient limits have been reached. 

2ay/7 is taken between .10^ and i.o^ the thickness or x between 
O and .5^. 

The following tables have been computed on the above assump- 
tions. 

The times can easily be deduced from the equations knowing 
the values of a the diffusivity for special cases. 



Table of Limits. 



2a 



/r 



.10^ 
.15.: 
.20c 

•33^ 
.50^ 

.60^ 

.^oc 
.90^ 

l.OC 



I 



10 
6.66 1 

5.0 I 
4.0 ' 

3.0 ! 

2.0 

1.66 

1-43 I 
1.25 I 






I.l 
I.O 



9-5 

6.33 

4.75 

3-8 

2.88 

1.90 

1.58 

13'; 
1.18 

1.05 
.95 



1.0 

■9 



.94 
.85 



x=.gc ! jc=.8<: jr=.8c 



9 


8.5 


6 


5.66 


4.5 


4.25 


3.6 


3-5 


2-7 


2.57 


1.8 


1-7 


1.5 


I-4I 


1-3 


1. 21 


1. 12 


1.06 ■' 



8 

5-33 
4.0 

3.20 

2.40 

1.60 

I 33 

I.I4 

I o 

.89 

.80 



jc=.75C\x=.joc 
m I m 



I 



I 



7.5 
50 

3.75 

3-0 
2 27 

1.50 
1.25 

1.07 

•93 
.83 
•75 



7 
4.56 

3.5 
2.80 

2.10 

1.40 

1. 17 

1.0 

.87 

.78 

.70 



jc=.6sc I 

9M 



r=.6oc 



f^.Soc 



6.5 

4.33 

3-25 
2.60 

1.97 

1.30 
1.08 

•93 
.8t 

• 72 
.66 



*" 


JM 


6.0 


5.0 


4.0 


3 33 


3.0 


2.50 


2.40 


2.0 


1.80 


1.5 


1.20 


1.0 


I 


.83 


0.86 


•71 


.75 


.62 


.67 


•55 


.60 


.50 
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Numerical Solution of Equation (io). 



a«>//= 


.xoc 


.X5f 
.3184 


.90C 
.2449 


.25^ 

.1974 


.33^ 


.50c 


.60c 


.70c 
.0591 


.8of 


.90c 


I.OC 


.95^ 


.4612 


.1194 


.0959 


.0696 


.0208 


.0208 


.0000 


.90r 


.7468 


.5755 


.4613 


.3796 


.2911 


.1894 


•1305 


.0951 .0547 


.0414 


.OOOD 


.85^ 


.8562 .7468 


.6302 


.5413 


43" 


.2779 


.2091 


.1569 .1068 


.0635 


.0000 


.8cv 


.8821 


.8331 


.746JI .6577 


.5345 


•3193 


•2695 


.2009 .1368 


.0827 


.0000 


•75-^ 


.8859 


.8695 


.8179 .7468 


.6175 


•4316 


.3228 


.2401 


.1676 


.1024 


.0000 


.70^ 


.8862 


.8821 


.8562 I .8067 


7036 


.4928 


.3687 


.2736 


.1899 


.1162 


.0000 


.65. 


.8862 


.8853 


.8744 .8437 


,7528 


.5423 


■4103 


.3006 


.2081 


.1300 


.0000 


.6a: 


.8862 


.8862 


.8821 .8647 


.7971 .5982 


.4372 . .3205 


.2212 


.1383 


.0000 


.50^ 


.8862 


.8862 


.8859 .8821 


.8561 1 .7426 .4604 ,3377 


•2325 


.1469 


.0002 



Having three variables, time, position and temperature, their re- 
lations can be expressefd in form of a surface. 

The diagram of Plate VII. shows such a surface, for a sheet 
whose sides are kept at a constant temperature. 



^^/i, Mir 



«• /fm/ 




PLATE VII. 

The Y axis is the axis of temperature, the X axis the axis of 
time, the Z axis perpendicular to the plan of the paper represents 
the thickness. 

We have, therefore, a series of contour lines showing the relation 
of the temperature and its gradual loss with the lapse of time for 
the corresponding distance from the margin. 

At the margin the temperature drops very suddenly but very 
slowly thereafter ; at the center the temperature is at first stationary, 
then diminishes very slowly, then steadily but more rapidly there- 
after. 

After a time corresponding to 2ay/l'^.^c it will be noticed that 
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the slopes of all the curves are equal, therefore: After such carre- 
spending drop of temperature ^ the rate of cooling at a given temperature 
is the same for all parts of the dyke. The limits of temperature for 
the formation of minerals are often quite narrow for each particular 
case * 

Thus Barus f found for a certain diabase that it consolidates at 
10930 C. and the point of fusion of its augite is below 1200^ C. 

It may be very plausibly deducted that, other things being equal, 
the grain of the augite in this basic rock will ^lepend upon the 
time of cooling from 1200° to 1100°, and if the rate of cooling is 
the same in different parts of the rock, other things being equal, 
the grain of the augite will be uniform. \ 

Zone of Varying Grain. 

The cooling diagram shows that the rate of cooling becomes 
constant first at the center, this uniform rate spreading toward the 
margin and reaching there for lower and lower temperatures. 

Therefore it may be concluded that : If a considerable period of 
time elapses before any part of the dykes attains the point of solidifica* 
iion, the rate of cooling will be the same throughout the mass and, other 
things being equal, the grain will not vary. The following deduction 
is readily made : The zone of varying grain will vary indirectly as the 
initial tempetature. Also since it means similar conditions : The 
zone of varying grain will vary inverself as the initial temperature of 
the country rock. By initial temperature is meant the heat of the 
magma at the time of coming to rest. 

Plutonic rocks, being deep seated, will not present a zone of vary^ 
ing grain to any extent, a fact early recognized. It follows also 
that rocks which came to rest at a temperature nearing their consolida* 
tion point will present wide zone of varying gram. If in equation 
(10), r has its value altered the equation will not be changed in 
value provided / is increased by the square of the same ratio, 
therefore : 

The time of cooling varies as the square of the thickness of the 
dyke. 

This may be pushed to a further conclusion. The time required 
for a given drop of temperature for any point varies as the square of 



* Fouqu^ et Michel l^ivy, ** Synthase dcs Roches." 
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its distance from the margin. This is evidently true, provided the 
center has not perceptibly cooled. 

The above , was reached by Rieman.* If we assume that the 
crystals vary as the square of their distances from the nearest 
margin, then the square roots of their areas ^ which can be measured ^ 
vary directly as the distance from the margin. 

Application of Theory. — Though the increase of grain is very 
easily observed, it is not an easy matter to select the grain suited 
to the measurements. 

An igneous rock will present in a hand specimen or even in a thin 
section, crystals of very different sizes. The questions raised are : 
Which crystals are representative of the position of the specimen 
under consideration in the dyke ? Which of the successive gen- 
erations is a witness of the period of consolidation ? 

Therefore phenocripts should be rejected as well as crystals pre- 
senting an orientation along lines of flow. 

Method of Observing Grain, — All that is seen of the crystals, 
with respect to their bulk, in a thin section, is their area in a cer- 
tain plane. The areas vary as the second power of the dimen. 
sions, a law analogous to the one obtained for the variation in the 
size of grain. 

The impression of size of grain is made by the largest repre- 
sentatives. 

Upon these observations rests the method of observation fol- 
lowed. 

Three views were taken in each thin section. The largest suit- 
able crystal of the mineral under consideration in each field of view 
was measured along two rectangular axes, the average or arith- 
metical mean was obtained for each m and mc. These were mul- 
tiplied together giving nfc^ the value obtained being taken as the 
representative area of the crystals of the mineral studied in a par- 
ticular section. 

Fuess microscope was used, the measures being taken by means 
of micrometer screws in hundredths of a millimeter. 

Diabase of t/te Palisades — ^Two series of specimens representing 
the diabase sheet of the Palisades were taken at Fort Lee and 
King's Point. 

The heights were carried by means of a hand level. Though the 
method is somewhat crude, it is still reasonably accurate, and the 

* Rieman, "Partielle Differentiel Gleichungen.'* 
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errors introduced are not of as great an order as those arising from 
the selection of the representative crystals. 

The dip was taken as 18^, the vertical heights being transformed 
into normal distances by introducing the factor cos 1 8^. Feldspars 
and augite were measured in both series. Their distribution is more 
regular and general than that of other mineral constituents, such as 
magnetite, apatite, etc. 

Parabolas have been drawn passing through the origin of coor- 
dinates and the coarsest grain. 




SA^w/^ /^n^AoAt PtJifAm 
r/itr/mm 




PLATE II. 



PLATE III 



It is seen that the grains are grouped in a general way along the 
parabolas. 

Applying the law deducted from the mathematical discussion 
page 189, as to the relation between linear dimensions of the crystals 
and their distances from the nearest margin, the Plates V and VI 
have been drawn for the augites and feldspars respectively. 

It is recognized at a glance, especially in the plate of the augites 
diat the grouping of the points is along a well-defined direction. 

Straight lines being drawn in the direction indicated, their equa- 
tions were taken. 

For tables of results, see page 192. 

Equations for the Feldspars and Augite, 

Feldspar y = \,^x — 5 
Augite y s= s)x — 7 

In these equations y is given by units of 30 cm. and x introduced 
by units of y^ sq. mm. These equations will permit the placing 
of any portion of the dyke in its exact position with respect to 
the walls. It is felt that more specimens should have been taken, 
and from various sources, as a more general confirmation of the 
above equations. 
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KiNG*s Point Specimens. — Feldspars, 


«3«> 








Diiunce 


m 


39 
.002 


ISO 39* 


769 
.0806 


"59 *74o 


2 


3449 


Dimens. 


!8 1 .0063 ! .0254 


.1026 ! .1720 


.3»o 


.4620 




 


At4gite. 






Dbtance. 


39 ' 


tso I 391 769 


"59 »74o 
.3010 .7344 


3331 


3449 


Dimens. 


.0068 .0048 .0391 i .1476 


I. 1920 


I. 


3050 


Distance given in cm. Areas in sq. mm. 

Fort Lkf. Specimens. 


— Feldspars. 






Disuince. 


o 
.0036 


1 
33 47 , 7» 

.0116 ,0578 .0257 


1 X33 


371 530 6a8 jxioo 


3oao I 3360 


3860 


Dimens. 


.0640 


.0610 




.3430 .2847 


•3150 


Nos. 7, 8, 9 too decomposed. 

Augite. 






Distance. 





33 


47 71 


1 1 
«33 37» 1 530 1 6a8 xioo 


9090 
•1936 


9360 


«86o 


Dimens. 


. 


0054 


.0043 


.0361 .0156 


.0289 .0400 ?.OI2 


•3360 


. — 
.6200 



Nos. 7 and 8, too decomposed. 
Distances in cm. areas in sq. mm. 
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PIATE V. 







PLATE VI. 



Dyke J. (A small diabase dyke from King's Point, N. J.) — This 
dyke is an ofTshoot from the main mass, and extends for about 
half a mile northward, preserving a uniform horizon throughout, 
with the exception of slight local irregularities. The thickness of 
sheet is 104 cms. as exposed. The dip may be assumed to be of 
18^, thus giving a normal thickness of 104 x cos 18° = 98.6 cms. 
The dyke was found to be quite altered, the augite having especi- 
ally suffered ; feldspars afforded satisfactory measurements. 

Dykes No. 3. — Feldspar. 



Disuoce. 


Contact. ' 17 1 49 
.0049 .0064 1 .0148 
Dimensions in sq. mms. 


58 
.0086 


«7 
•OO35 


90 


Contact. 


Dimensions. 


.0025 


.0018 


Distances in cms. 
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Dyke 4. — An intrusive dyke, 609 cms. between walls, from 
Franklin Furnace, Su.ssex county, New Jersey. The rock has been 
referred to several types, according to different observers. B. K. 
Emerson, 1882, described it as micaceous diabase* and it has been 
referred to as mica- diabase and kersantite. J. P. Iddings called 
it a minette or lamprophyre, in Rosenbusch sense. The rock is 
dense and gray, with only micas recognizable megascopically. 

It is very rich in minerals : Feldspar, monoclinic pyroxenes, mica, 
magnetite, epidote, calcite, sphene, apatite, pyrite, chlorite. How- 
ever, the mineralogical composition varies very widely within 
small areas and according to the alterations. 

The feldspars are most often twinned and in polysynthetic la. 
mellas ; the ferromagnesian minerals and iron oxyds are idiomor- 
phic with respect to the feldspars ; the latter are therefore not well 
suited for measurement. 








PLATE IV. PLATE VIIL 

The pyroxenes are also gres^Iy altered ; their boundaries are 
often indistinct in chloritic aggregates. 

Epidote is often found in large crystals, but it is a secondary 
mineral. 

Biotite, in beautifully preserved six-sided plates, is very abund- 
ant. It is idiomorphic with respect to the feldspars, but al- 
lotriomorphic with respect to pyroxenes, sphene and magnetite. 
Biotite is very suited to the measurements, and illustrates to a 
marked degree the increase of grain from the margin toward the 
center, as shown in the typical microphotographs. 

Apatite is abundant and well preserved with sharp outlines. It 
appears either as long thin needles or short stout prisms. The 
crystals are often broken up as if they were remains of a former 
generation. As can be seen from the table and diagram, they fol- 
low the general law of increase. 
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MiNETTE Dyke. — ApatUi. 

f I 

Distance. o 76 i8 38 xoa -.05 ' 488 571 592 603 610 



Dimens. 


1 
.0007 .0024 .0056 .0077 


0252 .0592 , .0114 


.0068 


.0069 


.CO3O 


.0013 




1 

76 t8 38 


Biatite Mica. 










Distance. 


1 
loa 305 488 

1 


571 


59a 


603 


6x0 


Dimens. 


1.0069 .0168 .0351 .0455 


.0884 .1043 .1064 


.0780 


.0228 


.0072 , 


.0030 



Distances in cm. dimensions in sq. mm. 

Practical Results to be Derived from the Above 

Considerations. 

It is thought that in many instances the laws derived from the 
above mathematical discussion could be applied to advantage in 
the problems met by the geologist and the mining engineer, such 
as the computation of the total thickness of a partly eroded surface 
flow, of an intervening igneous dyke, cutting off a coal seam or a 
metalliferous vein, etc. 

From the nature itself of the parabola and straight line, it is 
readily seen that cases will be met when no direct use can be made 
of the laws. 

, No claim can be made concerning the mathematical exactitude 
of the method, as the equations derived have for parameter, quan- 
tities which are functions of values obtained from observation inz,^ 
the area and linear dimensions of the crystal representatives in the 
type slides. However, an approximate solution can be obtained 
which would often be extremely valuable. 

Suppose the case to be that of a metalliferous mine or of a coal 
mine in which a heading has been driven to a certain place at 
which an intrusive mass is encountered. It is evident that all pos- 
sible data should be collected and a knowledge of the geology of 
the district would be as usual indispensable. 

To apply the theory advanced it is necessary to leave an equa- 
tion representing fairly the increase in size of grain as its distance 
from the cooling wall grows greater. The drift should be driven 
for a few feet — say 1 5 to 20. Care must be taken to observe the dip 
of the d) ke. Avoiding concentration of dark constituents, repre- 
sentative samples are collected every two feet, starting from the 
contact. Thin sections are made of these. It is amply sufficient 
to have slides J^ cm. square. The microscope used is provided 
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with a micrometer. For most purposes the micrometer glass plate 
is sufficiently accurate. 

The size of the grain is observed by the method described at 
length in the foregoing. The results are tabulated and plotted.. 
Use is made of the linear dimensions only. A straight line is 
traced which will best represent the average alignment of the points 
obtained. Its equation is computed. 

If the line is broken, that is to say, formed by a line inclined to 
either axis and of another one parallel to the axis selected for axis 
of distances, a bathylithe or mass of very large dimensions has 
been met for the thickness of which no approximation can be made. 
If the line is continuous and the slope angle large, the sheet will 
most likely be thin. If the angle is small, the sheet will be thick. 

If no other intrusion is known in the immediate vicinity, infer- 
ences can be drawn from the slope of the line ; generally other in- 
trusions can be observed and their equations recorded. By a com- 
parison of the various observations a very close estimate can be 
made. 



THE ECLIPSE OF MAY 18, 1901. 

By S. a. MITCHELL. 

The United States government spent this year nearly f 20,000 
in equipping and sending out an expedition half way round the 
world to study the sun during the few moments that it was eclipsed. 
In this party were thirteen men of science willing to give up six 
months of their busy lives, to undergo the discomforts and fatigues 
of a long journey, merely to observe for six minutes phenomena 
connected with a total solar eclipse. 

In view of this expenditure of time, energies and money, we 
may well ask» What is the aim of these scientific investigations ? 
what unsolved problems are still connected with the sun ? and what 
practical use can we make of their solution ? 

The last question is part of the old question, *' What is the good 
of studying astronomy ?*' but without going into an enumeration 
of practical uses of astronomy, we will say that the student of this 
oldest and purest of all the sciences, must expect his chief gain to 
be intellectual, in widening the range of human activity, and in re- 
vealing to a remarkable degree the order and beauty of the uni- 
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verse. The more we study astronomy, the more we cannot help 
but feel that none of the phenomena which the far-reaching eye of 
the astronbmer sees happen by chance, but are designed and ruled 
by the all-powerful Father. 

Astrophysics, or the new astronomy, as it has been aptly called, 
has less of practical application to the affairs of human interest 
than, perhaps, any of the branches of our greatest of sciences ; but 
astrophysics more than any other science gives proof of the trans- 
cendent genius of man, in grasping facts and explaining phenomena 
that are happening millions and millions of miles away. Astronomy 
teaches us that this earth of ours is in reality merely a small speck 
in God's firmament, but astrophysics teaches us that che inhabi- 
tant of this tiny speck can reach out and tell what stuff the sun is 
made of, or how many miles per second Sirius is altering its dis- 
tance from the solar system. 

Great indeed was thought the genius of man when human knowl- 
edge had so far advanced that the happening of an eclipse could 
be foretold fifty or even a hundred years in advance. Up to i860, 
it was thought that all the study of eclipses could benefit our 
knowledge was in rendering more accurate the tables of the moon, 
and in delineating, and perhaps explaining, the prominences and 
corona. In 1859, Kirchhoff gave an explanation of the dark lines 
in the sun's spectrum that had been seen nearly fifty years earlier 
by Fraunhofer, opening up a new field of research for the scientist, 
that of investigating the metals in the sun ; and the new astronomy 
took its birth. 

In 1868, Lockyer of England and Janssen of France almost 
simultaneously discovered a method of using the spectroscope by 
means of which the prominences, which had earlier been seen only 
at the time of a total eclipse, were rendered visible in broad daylight. 

According to the explanation of Kirchhoff, the dark lines in the 
sun's spectrum, or the Fraunhofer lines, as they are called in honor 
of their discoverer, are caused by the absorption of light of cer- 
tain wave-lengths or color, as the rays of the sun pass through the 
surrounding atmosphere. If the bright light could be shut ofT, 
the sun's atmosphere ought to shine of its own light, and give us 
a spectrum of bright lines on a dark background in the exact 
positions where were before the Fraunhofer dark lines on a bright 
background. In other words, the Fraunhofer lines are dark only 
in contrast to the brilliant background of light from the orb of the 
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sun. At the time of a total eclipse, the moon cuts off the sun's 
rays, and then ought to be visible the bright line spectrum. At 
the eclipse of 1870, Professor Young of Princeton, for the first time, 
saw the Fraunhofer lines change into the bright line spectrum, the 
transformation being so sudden, that he gave the term "flash 
spectrum." The flash lasted about three seconds, and as in this 
time the moon covers up about 500 miles of the sun's surface, he 
estimated that the " reversing layer," or region in which the spec- 
trum lines are reversed, or changed from dark to bright, has a 
depth of about this amount. At the eclipse of 1896, the '« flash " 
was first photographed by Shackleton. 

' The eclipses of 1898 and of 1900, the latter so widely observed in 
America, added much of scientific value to our knowledge of the 
sun, but still much more remains to be done. The United States 
government recognizing the importance of these scientific in- 
quiries, and in view of the (act that at the 1901 eclipse totality 
would last for more than six minutes, through Congress appro- 
priated money enough to equip and send out an expedition to 
view the total eclipse in Sumatra on May 18, 1901. 

The researches of the party were along the following lines : 

1. By means of telescopes of diflerent focal lengths to photo- 
graph the corona. 

2. By means of the spectroscope, to photograph the ♦'flash 
spectrum" finding the gases present in the " reversing layer," and 
the heights to which they extend above the surface of the sun ; to 
investigate the spectrum of the corona to find out what gases go 
to form it, and, if possible, the rate at which the corona rotates. 

3. By the bolometer, to try and detect the heat of the corona 
and the dark moon. 

4. By means of several photographic telescopes, to attempt to 
find intra-Mercurial planets, if such bodies really exist. 

5. By the polariscope, to investigate whether the corona shines 
of its own inherent light, or is merely light reflected from the sun. 

The government expedition consisted of thirteen members, two 
representing the Smithsonian Institution, and eleven the Naval 
Observatory. Of this latter number, six were from the govern- 
ment observatory, the remaining five being the invited guests of 
the party.* 

* Leave of absence was granted by the trustees to the writer from February ist, 
and money to pay the expenses of a substitute was generously subscribed by Messrs. 
Andrew Carnegie, E. A. Matthiessen, F. Augustus Schermerhom and J. K. Rees. 
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Transportation was furnished by government steamers, the 
Army to carry us as far as Manila, white from there to the East 
Indies, we were to be cared for by the Navy Department. 

We left San Francisco February i6th in the Army Transport 
Shertdan, and arrived in Honolulu the 25th. Three delightful 
days were spent there, giving an excellent chance to see how the 
far-off " Paradise of the Pacific," which now for three years has 
been under the rule of " Uncle Sam," is being governed. 




Pasie River, Manile 



Passing in sight of the Ladrone Islands on March I2th, part of 
which are now United States property, land was sighted on the 
morning of St. Patrick's Day, which proved to be the Island of 
Luzon. After running past Corrigeador, we anchored shortly after 
sunset on March l8th, in Manila Bay,a whole month having been 
spent on shipboard without news from the outside world. The 
eight days we remained in Manila while the naval vessel was 
being fitted out for us, were devoted to sightseeing, one of the 
most interesting of days being that given to viewing the wrecks of 
the Spanish fleet. Mr. Williams, who was United States consul at 
Manila at the outbreak of hostilities was with us, and gave a very 
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Fig. X. Manila Observaiorj. 



Fin. 3. Filipino Group. 
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graphic picture of the progress of the battle as seen by him from 
the bridge of the flagship Olympia. 

On March 26th, the party left Manila on board the U. S. S. 
General Alava, n, former Spanish ship, purchased at the end of the 
war. Most pleasant weather was experienced through the China 
and Java Seas, the crossing of the equator on March 31st being 
celebrated in true man-of-war's style. 



Fig. 4. Orange Hotel, Psdang, Sumatra. 

On April 2d we passed in sight of Krakatoa, the volcano which 
by its eruption in 1883 resulted in the loss of 40,000 lives. The 
whole configuration of the country for miles around has been 
altered by the explosion. We could sec where the northwestern 
part of the island had been blown away, and, where formerly had 
been a hill of perhaps 1,000 feet, there is now the ocean, and bot- 
tom is not reached with soundings of 164 fathoms. The noise of 
the explosion was heard at Ceylon 2,900 miles away, the longest 
distance we have any record of hearing sounds. The tidal wave 
resulting from the explosion was felt in the English Channel 1 1 ,000 
miles distant, while the air wave, registered by barometers, wa» 
traced through the seven circuits of the earth. 
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On April 4th, the pretty harbor of Emma Haven, the seaport of 
Padang, the capital of Sumatra, was reached, and our long ocean 
journey of 1 1 ,000 miles was at an end, ours being the first Ameri- 
can ship that had ever entered port there. 

In a few days there collected in Padang astronomers from all 
parts of the globe. There were two other United. States parties, 
besides astronomers representing England, Holland, France, Russia 
and India, about eighty scientists altogether, such an influx of 
foreigners never before having been heard of in the quiet, easy- 
going Dutch colony. 

We must confess that before reaching the island of Sumatra our 
knowledge of it was very limited, not that we did not read every- 
thing that could be found, but affairs have gone on so quietly there, 
that nothing much has been written. We had read that fierce 
wild animals of all descriptions abound in the forests, lions, 
tigers, elephants, crocodiles, alligators, rhinosceroses, hippopotami, 
monkeys and many deadly snakes. In one book we found an ac- 
count of a " venomous reptile that will sit and wait for you in a 
path, and spit a deadly green vapor for a distance of fifteen feet." 
Sumatra is the home of the orang outang ; in fact, the name is 
Malay and means *« man of the woods." Indeed, there are tales 
of cannibals not very far from where the astronomical expeditions 
intended making their locations, and so as a result of our reading 
we were led to prepare for many interesting and exciting ex- 
periences. 

The native is the Malay, a bold and fierce race that every boy 
has read about, in the tales of pirates that formerly infested the 
south seas, and who made their name a terror to the East Indian 
merchantmen. Under the Dutch rule, however, they are quiet, 
docile, easy-going and extremely lazy. 

Our first glimpse of the Malay showed us a short wiry indivi- 
dual clad in most picturesque garments : trousers, wide and loose, 
of cottonstuff with brilliant colors and large pattern, a skirt or sar- 
ong of the same sort of material, a coat or kibaya usually of white 
or black, and with the head wrapped up in the manner we are 
familiar with from East Indian pictures. Our two months' stay in 
Sumatra, and our daily contact with the natives made us very well 
acquainted with their character and disposition. 

Life, indeed, was very interesting, thrown so closely as we were 
with the Dutch and Malays. 

vox.. XXIII. — 14. 
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The Hollanders were extremely kind and courteous, doing 
everything in their power to aid us. Free passes on the govern- 
ment railroad were given to all the astronomers, all freight and 
ba^age were carried free, and in fact, the word " Zoneclips," by 
which we were known soon became the talisman that made all 
things work together for our good. 



Fig. 5. The M«Uy. 

We soon found the rain and cloudy weather were going to be 
the chief obstacles to come between us and perfect success. Our 
eclipse locations were to be within 50 miles of the equator, beneath 
the blazing tropical sun, and flooded by the abundant tropical rain 
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which is so great that at Padang there is an annual rainfall of 187 
inches, or half an inch per day. 

Before reaching the East, it had been decided to divide the 
American expedition into two parties, but the probability of poor 
weather caused the division into three. The main party was at 
Solok on the line of the " Staatsspoorweg op Sumatra/' the govern- 
ment railroad running from Padang about 100 miles into the in- 
terior. The engineering principles upon which this road was con- 
structed seem to have been very simple : if there was a small hill 
the road went over it, if a large one the rails were laid around it. 
As the country through which the " spoorweg " passes is exceed- 
ingly rugged and mountainous, an elevation of 4,000 feet being 
reached, there are many steep grades and sharp curves, makilng 
withal certainly a picturesque route. Grades as great as 8 in 100 
were frequently met, necessitating in such places the making of the 
road into a cog road. As an illustration of the speed at which the 
trains were run we may perhaps cite here an actual occurrence. 
While crossing a bridge one day, going down a 6-per-cent. grade, 
the head-gear of the Malay brakeman became disarranged and blew 
oflf. Nothing daunted he jumped from his position, ran back after 
his to/n, and with the short run of perhaps $0 yards caught the 
train again, which all the time was going at its usual speed. 

Solok was a small village with three Europeans, about twenty 
half castes, and several hundred natives. An old fort lately evac- 
uated by the Dutch, proved to be a splendid place for the eclipse 
station, the barracks affording excellent store rooms for the instru- 
ments until they should be set up. 

The largest instrument here was Professor Barnard's camera of 
tiyi feet focal length, which would give an image of the sun about 
seven inches in diameter. With the same apparatus at the eclipse 
of 19CX), this famous astronomer secured several photographs of 
the corona, marvelous in definition and refinement of detail. 
They were undoubtedly the best pictures of the corona ever made, 
but in Sumatra, with a plate 40 inches square, one exposure ex- 
tending over the great length of time of two and a half minutes, 
it was hoped to even better the 1900 results. 

The most powerful spectroscopes ever employed at an eclipse, 
were used by the American party in Sumatra. The important 
part of these instruments were the gratings, the manufacture of 
which is a very clever and difficult mechanical problem. The 
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essential part of the machine for ruling these gratings is oper- 
ated by a screw, and it is the manufacture of this that constitutes 
the difficulty of making perfect gratings. This difficulty will, 
perhaps, be grasped when it is understood that a grating is made 
by scratching with a diamond point on a polished plane or spherical 
surface, as many as 20,CX)0 parallel lines per inch, spaced so 
equally that there is not an error in placing one of these lines to 
the one thousandth part of the distance between two adjoining 
lines, /. ^., each line is correctly placed to the one two-millionth 
part of an inch. This is the theoretical accuracy that is claimed 
for a perfect grating, but we have no means of measuring, even 
by means of our most powerful microscopes, these infinitesimal 
quantities. It took the genius and mechanical ability of a physicist 
like the late Professor Rowland of the Johns Hopkins University to 
devise a method of manufacturing the most perfect screw ever turned 
out, and although Professor Rowland's method of cutting the screw 
has long since been known to the scientific world, and although 
numerous scientists and mechanicians have tried to rule gratings, 
the only perfect gratings in the world are those made in Balti- 
more. Astrophysics, indeed, owes a great debt to Professor Row- 
land, in making possible instruments which have so greatly in- 
creased the accuracy of all spectroscopic work. 

One of the gratings used in Solok was concave, and was em- 
ployed without a slit, another was a plane grating used with slit 
and quartz lenses to attempt to measure the velocity of rotation 
of the corona. Another spectroscope was made of a large glass 
prism, with faces six inches square, and a photographic telescope, 
the combination being known as a ** prismatic camera." 

The work that would have, perhaps, given the most startling 
results to the astronomical world was that undertaken by Professor 
Abbot. His work was twofold, a search for intra-Mercurial 
planets, and an attempt to measure the heat of the corona. The 
latter was investigated by means of a bolometer, an instrument 
which will detect the heat of an ordinary candle placed at a dis- 
tance of five miles, or will measure differences of temperature to 
the one-millionth part of a degree Centigrade ; the search for the 
small planets being carried out by means of four photographic 
telescopes, so arranged as to photograph a region in the sky 
20° X 24° in the neighborhood of the sun at the time of the 
eclipse, two exposures being made to check all suspected ob- 
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jects. If there are bodies which give an impression on the plate 
which are not known stars, and which show motion between the 
two exposures, these bodies belong to the solar system. Certain 
theoretical considerations lead the astronomical world to suspect 
that there are such bodies which revolve about the sun inside the 
orbit of Mercury. In fact, one of these bodies was said to have 
been seen by a celebrated astronomer thirty years ago, but the 
discovery has nevei been verified. 

At Fort de Koch, near the northern edge of the path of totality 
was placed another part of the Naval Observatory parly having a 
photographic telescope and a spectroscope. 



Fig. 6. Eclipse Station Sawah Loento Sumatra, 

The writer was at Sawah Loento with a plane grating spectro- 
scope 6 ve inches in diameter and 15,000 lines to the inch, and a 
camera. The village of Sawah Loento was typically East Indian, 
the houses uniformly of one story with their roofs of thatch or 
corrugated iron, surrounded by luxuriant tropical foliage, the trees 
of chief interest to the foreigner being the banana and cocoanut 
palms. Situated on the most prominent site is the residence of 
the controleur, or Dutch official. Usually the few white men of 
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the community are oflficers of the Dutch army, or a merchant or 
two» but in Sawah Loento their numbers were augmented by the 
addition of the stationschefy and the engineers employed in the 
coal mines making altogether about forty white and half-caste 
residents. 

To the west of the Loento river was the village proper with its 
pasar or market, and native and Chinese stores, while to the east 
were the prison hospitals where lived about 800 sick convicts. 
Each and every man, woman and child was interesting, and we 
were continually kept in open-eyed wonder at the innumerable 
and many-varied forms of plant and animal life. 

The hotel in the village was only a small affair, one with only 
four rooms together with the one reserved always for the Dutch 
official. These rooms on my arrival were all occupied, and it be- 
came necessary to find some other accomodation, or shift for my- 
self in camping out. This would have been decidedly uncomfor- 
table under the tropical sun and skies, and fortunately, had not to 
be resorted to, excellent accomodation being found with Heer van 
Leeuwen, the station master. The best chamber in the house was 
put at the disposal of the expedition and everything was done to 
make the foreigners comfortable. Meals were obtained at the 
hotel, and excellent meals they were, after we became acquainted 
with the correct way to mix the ingredients that go to make up 
the rijsttafel. 

East Indian life became very pleasant, looked after as we were 
by the Dutch officials, and our wants attended to by our Malay 
jungusy our two months' stay in Sumatra being filled with most 
interesting experiences. 

At Sawah Loento is the great coal mine owned and operated by 
the Dutch government. This mine, remarkable for a vein 40 feet 
thick, is worked by convicts, of whom there are about 3,0CX) in the 
village. The Dutch show a great amount of ingenuity in caring 
for their penal settlements. If the " wild man of Borneo" commits 
a misdemeanor, he is sent to prison, not in Borneo, but in one of 
the other East Indian Islands, if a Sumatran transgresses the law, 
he is probably sent to Java. The result is that in the Sawah Loento 
prison are found natives of Java, Borneo, and Celebes, but no Su- 
matrans, the reason for this division being that there is great feel- 
ing between the different races, and if a prisoner attempts to es- 
cape he is apprehended by the first Sumatran that meets him, and 
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sent back. Hence, very few try to escape, and as a result of this 
policy, no prison walls are seen, and no large force is required to 
guard this huge penitentiary. There is a policeman, or mandut, 
in charge of a squad, but he too is generally a convict raised to a 
position of authority, and held accountable for the good behavior 
of the men under him. In fact, they seem to be allowed to 
go and come at will, every second maa you meet on the streets 
of the village being a convict, but there was no noise or tur- 
moil, and everything went on as evenly and was as well regu- 
lated as in New York City. The clothes of each prisoner were 
marked with a V. C, but needless to say these letters do not bring 
with them the Victoria Cross. 




Fig. 7. Suroatra Gi 



In order to make them more contented with their lot, the pris- 
oners are paid a small sum for their work in the mine ; it is, indeed, 
small for it is only seven cents per day (2.8 cents of our money), 
but it is enough to keep them in tobacco which is so necessary for 
the life and well-being of every native in the East. The confine, 
ment makes a great number of them sick, and they are then sent 
to the hospital, or put on easy out-door sick duty. These convicts 
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were furnished free by the controleur to do the work of coolies in 
setting up the apparatus for the eclipse. The bricks and cement 
for the piers on which to rest the instruments came from the sheds 
at the coal mine. They were transported to the eclipse camp, 
about a mile and a half distant, in three stages; first, by rail to the 
residence of the controleur, then by kreta karibau drawn by the 
sturdy water buffalo, the Eastern beast of burden, to within a 
quarter of a mile of their destination, the remaining distance on the 
backs of coolies. It was interesting to see six of them with three 
bamboo poles, carry a barrel of cement, it was also interesting to 
see two able bodied men, drag up the hill five ordinary sized 
bricks in a basket slung on a bamboo. P'ive was (he minimum 
load, but the maximum for two men never exceeded ten. But 
slow as they were, they were about swift enough for the Malay 
tukang, or bricklayer, who always squatted down to work and 
used tools of the most primitive sort. Indeed, it took him five 
days to lay 2,200 bricks. It needed all the Malay at our com- 
mand, with a few English expletives thrown in to enthuse a little 
life into them. 

But gradually the apparatus was erected, and adjusted in plenty 
of time for the all-important day of May i8th. 

The day at Sawah Loento dawned clearer than it had done for 
a good many mornings, and although the eclipse was not to occur 
till noon, we were up and about by sunrise, seeing again to the 
final adjustments, and going through drill with the assistants who 
had come up from the man-of-war to help. The instant when the 
first limbs of the sun and moon came together, or the <* first con- 
tact," was observed in a beautiful clear sky. Our hopes were now 
that this favorable condition would only remain till after the sun 
was entirely covered up by the moon. But alas ! half an hour be- 
fore totality, the sky was completely overcast, and remained so 
during the 5 min. 41 sec. duration of darkness. As has been 
before stated, at the instant of totality the dark lines of the spec- 
trum change into bright, but so cloudy was it, the " flash " passed 
unnoticed. However, there was a slight clearing of the sky. Mer- 
cury and Venus were visible close together to the east of the sun, 
and a fairly good view of the corona for a short distance sur- 
rounding the sun was obtained. As the moon passed off the face 
of the sun, the solar atmosphere was exposed giving the second 
*• flash " spectrum. A splendid view of this greeted the eyes, 
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and was an appearance never to be forgotten. It lasted about 
three seconds, and on the reappearance of sunlight changed to the 
Fraunhofer spectrum. 

A few minutes after the total phase was over, blue sky began to 
appear in patches, and an hour later not a cloud was to be seen. 
Alas ! that the eclipse did not occur at one o'clock instead of at 
twelve ! 

We were a mournful group of men in thinking that after travel- 
ing half way around the globe, our observations should be so 
hindered by clouds. On coming to develop the plates much more 
detail appeared than even our most sanguine hopes led us to ex- 
pect. The photographs of the corona showed an extension of 
about a diameter, the second flash was fully exposed and showed 
between two and three hundred lines. Thus at Sawah Loento, the 
observations although interfered with by clouds, gave results that 
are considered rather satisfactory. 

At Solok the clouds were heavier, so that during the latter part 
of the eclipse, e\^en the position of the sun could not be told much 
less could any detail of the corona be seen. The scientific results 
were almost nothing. The third station of the Naval Observatory 
party had perfectly clear weather, which was taken advantage of 
and several excellent photographs of the corona and spectrum 
were obtained. In fact. Fort de Koch was the only place in 
Sumatra selected by astronomers where perfect weather conditions 
prevailed. 

The work of the eclipse did not end with the actual taking of 
the photographs ; the most difficult problem is, in the quiet of the 
observatory examining and measuring the plates under the micro- 
scope, and interpreting what is there seen. 

This is now being done, and it is safe to say that much of scien- 
tific interest and value will be added to knowledge by the Sumatra 
eclipse of 1901. 

Columbia University, New York Cmri Dec, 1901. 
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ALUMNI AND UNIVERSITY NEWS. 



SCHOOL OF CHEMISTRY. 

General. — On Tuesday evening, December 17th, at the special request 
of the Northeastern Section of the American Chemical Society, Professor 
Chandler delivered an address before them, in the large lecture room of 
the Massachusetts Institute of Technology, upon ** The Electro-Che mical 
Industries at Niagara Falls." HZ^ 

In the morning of the same day, Prof. Chandler delivered the same 
address before the students and faculty of the Worcester Polytechnic In- 
stitute at Worcester, Mass ; and, on December 31st, he spoke to over 
one hundred and fifty chemists upon the same subject, at the annual 
meeting of the American Chemical Society, at the University of Pennsyl- 
vania, in Philadelphia. In each case these lectures were profusely illus- 
trated with specimens from all the important factories mentioned, and at 
the close of each address a full set of those specimens was presented to 
the chemical museums of the institutions which acted as host. 

Professor Chandler has unusual and, indeed, unique facilities for obtain- 
ing full information, and collecting satisfactory specimens, illustrating this 
very important and very modern branch of chemical industry, because he 
has been, and still is regularly consulted by most of the electro-chemical 
companies at Niagara Falls. 

The address was originally prepared for the December ** smoker** of 
the Chemists' Club in New York, but proved so interesting that he has 
been asked to repeat it before large audiences. 

Professor Chandler has lately been appointed, by the Health Depart- 
ment of the City of New York, consulting sanitarian of the Depart- 
ment. 

The Columbia University Chemical Society held its first meeting of the 
year 1 901- 190 2, on October 20th, when the following officers were 
elected : 

C. F. Chandler, Honorary President ; C. E. Pellew, President ; M. 
C. Whitaker, Vice President ; C. J. Pretzfeld, Post-graduate, Secretary; 
G. W. Williamson, Jr., '03 Science, Treasurer, 

Executive Committee, — C. N. Stoddart, Post-graduate; G. Mersereau, 
'03 Science ; J. L. Danziger, *o2 Science ; J. E. Goodell, '05 Sci- 
ence ; H. N. Cox, '01 Science; H. N. Harris, '02 College. 

On November 2Tst they held a dmner at Pabst*s restaurant on i25tb 
Street and listened to a very interesting talk by Mr. Clifford Richardson 
on the subject of asphalt. Mr. Richardson described the occurrence and 
composition of asphalt and gave interesting information, with photo- 
graphs and samples, about the asphalt lake in Trinidad and the methods 
of transporting, refining, utilizing and testing the same, as practiced by 
the Barber Asphalt Company, for which Mr. Richardson is the chief 
chemist. About forty members of the Society were present at (he dinner^ 
which was very successful in every way. 
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Oo December 9th the Society held an afternoon meeting in Havemeyer 
Hall, of which the following papers were read : 

Mr. H. S. Harris, '02 College, "Scheele." 

Mr. C. W. Stoddart, Post- graduate, " Electrolytic Production of Per- 
manganic Acid." 

On December 19th an evening meeting was held at the house of Pro- 
fessors Chandler and Pellew. Dr. H. W. Wiley, of the Agricultural De- 
partment at Washington, gave ah address upon the ''Effect of Environ- 
ment upon the Chemical Composition of Plants." 

The meeting was a large one, over seventy persons being present, in- 
cluding some fifteen or twenty graduates of the School of Chemistry, one 
of whom. Dr. Ernest J. Lederle, '86, was warmly congratulated on his 
recent appointment as president of the Health Department. After the 
address supper was served and the meeting did not disperse until a late 
hour, after some singing and much good-fellowship. Dr. Wiley's geniality 
and good humor adding greatly to the pleasure of the occasion. 

On Wednesday, January 15th, the Society held another dinner at 
Pabst's and, for the guest and speaker of the evening, they enjoyed the 
company of Dr. Willian McMurtrie, chemist of the Royal Baking Powder 
Company, who delivered a very interesting and entertaining address upon 
the *« Preparation and Uses of Tartaric Acid." The meeting was quite a 
large one and, as before, was enlivened by the presence of several alumni. 

The next meeting, a dinner, is scheduled to take place at the Harlem 
Casino, 114th St. and 7th Avenue, on the evening of February 13th, 
and the guest of the evening will be Mr. Andrew L. Winton, from the 
Agricultural Experiment Station, at New Haven, who will read a paper, 
illustrated with numerous specimens and exhibits, upon micro-chemical 
work in connection with food adulteration. 

ANALYTICAL CHEMISTRY AND ASSAYING. 

The number of students in this branch of Chemistry continues to in- 
crease In the qualitative laboratory every desk is occupied. In the 
quantitative laboratory it has only been possible to accommodate the 
students by transferring five of the research students to the organic labor- 
atory in spite of the fact that additional desks were made out of reagent 
closets last summer. In the assay laboratory there have been nine more 
men than desks although special students have been refused. As there is 
no space for additional desks in any of these laboratories the question of 
how to accomodate the ever-increasing numbers of students is immiment. 

Dr. Sherman has been promoted to an instructorship, and will help in 
the instruction of the mining engineers, besides giving the regular course 
in commercial organic analysis. 

Mr. G. C. Hubbard, who graduated from the School of Chemistry in 
1 90 1, has been appointed assistant in assaying in place of Mr. B. Hogarty, 
resigned. 

Since July ist the following articles containing the results of original 
research in progress last year have been published. 

'< Die quantitative Bestimmung des cadmiums," Edmund H. Miller and 
Robert W. Page, Zeiischrift fur Anorganische Chemie^ Vol. 38, and 
School of Mines Quarterly, Vol. 32, No. 4, and Chemical News^ 
Dec. 27, 1901. 
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The Quantitative Separation and Determination of Uranium " Ed- 
ward F. Kem. J, American Chrmicai Society^ Vol. 23, p. 685-726 ; 
also reprinted, in full, by the Chemical News, 

"On a Colorimetric Method for the Estimation of Sulphur in Pig 
Iron," W. G. Lindsay. School of Mines Quarterly, Vol. 23, 
No. I. 

"On the Determination of Manganese in Spiegel/' Thomas F. Hil- 
dreth, same journal. 

All of these articles were read before the New York Section of the 
American Chemical Society. 

The following articles will appear very soon in the Journal of the 
American Chemical Society, 

"The Composition of the Ferrocyanides of Cadmium," by Edmund 
H. Miller. 

"On the Temperature Reaction of Oils with Sulphuric Acid — Mau- 
menu's Test,*' b> H. C. Sherman, J. L. Danziger and L. Kohns'amm. 

The research work by advanced students in progress at present, con- 
sists of, 

1. "A Comparison of the Methods for the Determination of Lead 
in Ores," by Irving C. Bull. 

2. "A New Separation of Thorium from Cerium, Lanthanum and 
Didymium, and its Application to the Analysis of Monazite," by Floyd 
J. Metzger. A preliminary notice of this work was presented at the 
Philadelphia meeting of the American Chemical Society 

3. "A Study of the Quantitative Determination of Antimony," by 
L. A. Youtz. 

4. "A New Separation of Mercury from the other Metals of the sth 
and 6th Groups, and its Determination." by C. J. Pretzfeld. 

5. "The Quantitative Separation and Determination of Bismuth," by 
H. S. Riederer. 

6. " The Variation in Composition of the Ferrocyanides of Nickel 
and of Cobalt," by A. C. Neish. 

7. "Comparison and Investigation of the Methods for the Determina- 
tion of Sulphur in Coal," by C. W Stoddard. 

8. "The Composition of the Various Ferrocyanides of Zinc," by J. L. 
Danziger. 

9. •* A New and Very Delicate Qualitative Test for Cobalt," by J. L. 
Danziger. 

10. " The Composition of the Ferrocyanides of Manganese," by A. 
E. Dickie. 

Dr. Sherman has finished his second paper on the " Heat of Combus- 
tion and Its Relation to the Analytical Constants.'' 

Mr. Hubbard is doing further work on a new method for detennining 
sulphur in slags, which formed the basis of his thesis last year. 

There are at present seven candidates for the doctor's degree whose 
major subject is quantitative analysis, besides a number who are prepar- 
ing for research in this line by taking the required prerequisite studies; 
several of these students are now studying for their master's degree. 

The increasing number of graduate students in the lines of analytical 
chemistry with the great increase of the undergraduates in the schools of 
Mines and Engineering, overcrowds the space at present assigned to 
Analytical Chemistry and Assying. 
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ORGANIC CHEMISTRY. 

At the close of the last academic year, Dr. Charles E. Caspar!, the 
assistant in Organic Chemistry, withdrew to take charge of the research 
laboratory of the Mallinokrodt Chemical Works of St. Louis, Mo. His 
place has been filled by the appointment of Dr. Victor J. Chambers, a 
graduate of Johns Hopkins University. 

The lecture course in elementary organic chemistry (Chem. 20), in 
charge of Dr. Chambers, starts this year with nine students, which is 
quite encouraging in view of the fact that the course, as now remodeled, 
is a purely elective one, designed primarily for college students and for 
those intending to enter the medical department. By a special arrange- 
ment, c(*nsummated last year, this course is repeated at Barnard, where 
Dr. Chambers also supervises the laboratory work in organic chemistry 
(Chem. 30). 

Among the graduates in chemistry last June, two of those who spec- 
ialized in organic chemistry have entered the rank^of teachers: D. C. 
Eccles, B.S., A.M., as instructor in chemistry at the Agricultural Col- 
lege, Pullman, Wash., and M. R. Moffatt, B.S., as assistant in physics at 
Columbia. 

Professor Bogert has been elected chairman of the New York Section of 
the American Chemical Society for the year 190 1-2 and thereby becomes, 
ex officio^ a vice-president of the Society. He has also been elected a 
member of the Executive Committee of the New York (American) Section 
of the Society of Chemical Industry and has accepted the appointment as 
abstractor of articles upon organic chemistry for the reorganized Review 
of American Chemical Research to appear in the Journal 0/ the American 
Chemical Society. Upon May i6th he addressed the Philadelphia Section 
of the American Chemical Society, by invitation, upon the topic "Some 
Investigations upon the Interaction of Carboxyl and Cyanogen Com- 
pounds." He has recently succeeded Mr. W. H. H. Beebe as comp- 
troller of sports for the University. 

LABORATORY OF INDUSTRIAL CHEMISTRY. 

With regard to the courses in this laboratory it has been found advis- 
able to increase the requirements for Chemistry 26, 27, and 28, as stu- 
dents were presenting themselves without adequate training in the more 
elementary branches of chemistry. 

Chemistry 2% now consists entirely of a course in electro-chemistry, 
and has been perfected in various ways, as it is considered that a practical 
knowledge of electro-chemistry is all-important at the present time. 

The course begins with practice in electroplating w»th copper, s'lver, 
and nickel ; and then takes up the study of the various reactions which 
may be brought about by the electric current in the wet way, such as the 
influence of oxidation and reduction, current density temperature, the 
use of diaphragms etc. In this connection the students are obliged to 
review some of their previous instrucuon in volumetric analysis, gas analy- 
sis, and quantitative determinations generally. The course also em- 
braces the study of the commercial methods of copper refining, and the 
decomposition of fused salts, together with practice in electric furnace 
work, such as the formation of carbides and silicides, the reduction of 
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aluminium, chiomium, and the like. It was found necessary to have 
more room for this course so the room 420 Havemeyer has been fitted up 
for Mr. Tucker in order that the work may be carried on to the best ad - 
vantage. 

The publications from this laboratory have been by Mr. Tucker and 
Dr. H. £. Moody and include the following : 

** Improved Electric Furnace for Laboratory Use." Jour, Am. Chem, 
Soc, Vol. XXIII. No 7, Jul/, 1 90 1. Pp. 473-476. 

'* A Comparison of the Solubilities of Acetylene and Ethylene." Jour. 
Am, Chtm. Soc, Vol. XXIII. No. 9, Sept., 1901. Pp. 671-675. 

**The Production of Some New Metallic Eorides." Proc, London 
Cfum Soc.y 1 90 1. Vol. XVII. P. 129. Shortly to be published in the 
Transactions of the Journal of the London Chemical Society, 

** The Reduction of Alumina by Calcium Carbide." Jour. Soc. Chem, 
Ind , Oct., 1 90 1, Vol. XX. No. 10 P. 970. 

"The Production of Ethylene from Inorganic Sources. Jour, Soc, 
Chem. Ind., Oct., 1901, Vol. XX. No. 10. P. 971. 

Mr. Palmenberg is engaged in an investigation of the possibilities of 
the production of ethylene from acetylene. 

Mr. Tucker is investigating the influence of higher temperatures than 
the melting point of platinum upon the formation of Portland cement. 

DEPARTMENT OF MINING. 

The Summer Class in Mining was held in June and July in the iron 
and copper regions of Michigan To arrange for the work Adjunct Pro- 
fessor Peele, accompanied by Mr. C. K. Hitchcock. Jr., left New York 
on June 2d, and on the 4th arrived at Ishpeming, Michigan, where they 
were joined by Mr. A. L Queneau. Mr. Queneau assisted in caring for 
the class in their underground and surface work, while Mr. Hitchcock 
had charge of the mine surveying. 

On June 7th the class, consisting of fourteen students, reached Ishpem- 
ing. Twelve were members of the fourth class, viz.. Messrs. Cromwell, 
Feust, Lysle, Maeulen, Meeks, Merry, Pelton, Read, Shreve, Ungrich, 
Watson j»nd Whyte; one. Mr. Harwood, of the third class; and one, 
Mr. W. W. Corbet, joined with the intention of entering the School of 
Mines in October. Towards the end of the session, another member 
of the fourth class, Mr. Wilson, reported for work. He had been unfortu- 
nately detained by illness, but was able to fulfil the requirements by re- 
maining for study in the mining regions, after the conclusion of the 
session. 

By the kind permission of Captain Thomas Walters, Superintendent, 
the detail work, together with tne surveying, was done in the east and 
west mines of the Pittsburg and Lake Angeline Iron Company. This 
work occupied about three and one- half weeks. Short visits were made, 
afterward, to the Barnum mine, of the Cleveland- Cliffs Iron Company, 
and to the interesting surface plants of the Salisbury and Cleveland Lake 
mines. The Barnum mine (hard ore), operated by the pillar and room 
system, presented a method of development entirely diffeient from that 
of the Lake Angeline property. The mine surveying, as usual, occupied 
one week. It comprised some very good practice in irregular steep work- 
ings, and included (he plumbing of a small vertical shaft, about 130 feet 
deep 
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Tbe Lake Angeline mines are among the best in the district, producing 
at'^present from 1,300 to 1,400 tons of ore per day, all hoisted from two 
shafts. Most of the mining is done by the top slice caving system, 
although in the west end of the mine considerable ore is being taken from 
pillars left by the pillar and room system, which was formerly in use. 
Electric haulage is employed, both underground and on the surface. 

The last week of the session was spent in the copper district, about 90 
miles northwest of Ishpeming. Underground trips were made at the 
Atlantic and the Quincy mines, together with visits to the Quincy and 
Calumet and Hecla mills, the Dollar Bay smelter and copper wire-drawing 
mill and the magnificent surface plants of the Tamarack and Calumet 
and Hecla mines. Permission to go underground in the two mines last 
named could not be obtained. The trips to the Atlantic and Quincy 
mines were exceedingly interesting. In the latter the class had the priv- 
ilege of going to a depth of 5,300 feet on the dip of the vein, the deepest 
workings being now at about 5,600 feet. Many masses of copptr of con- 
siderable size were seen in the various levels and stopes. The day 
allotted to visiting the Tamarack and Calumet and Hecla mines was suffi- 
cient to gain only a general idea of their immense plants. A few notes 
may be of interest. 

At Tamarack shaft No. 2, where the drum of the hoisting engine is 30 
feet, 6 inches diameter, the students found the ordinary maximum hoisting 
speed in each trip to range from 4,500 to 5,500 ft et per minute ; probably 
the highest speed attained at any mine in the world. The depth is about 
3,700 f^et. The engine at shaft No. 3 of the same mine, about 4,500 
feet deep, is provided with a conical drum, 15 feet diameter at the small 
end and 36 feet at the large end. One of the best hoistmg engines of the 
district is that at the new shaft, No. 5, of the Tamarack mine. It is of a 
novel design by Nordberg, of Milwaukee, the drum being mounted at 
some height above the foundation, on massive frames, and driven by four 
simple cylinders, two on each side, set at 45° to the horizontal, or at 90° 
to each other. It is s^iid to do very satisfactory work. This shaft, 5, 150 
feet deep and still sinking, is now the deepest vertical shaft in the world. 
The largest engine in the district is the "Ma'kinac," of the Calumet 
and Hecla mine. It develops 7,000 H. P., and is directly connected to 
a pair of huge air compressors. By means of a rope drive it may be 
used also, if desired, to operate four large hoisting drums, which, with sev- 
eral compressors, are now being driven by a 4,700 H. P. engine in an 
adjoining house. At the Whiting or Red Jacket shaft, 4,900 feet deep, 
the four main hoisting compartments are served by two sets of engines, 
working on the Whiting modification of the old Koepe system of hoist- 
ing, in which large grooved driving sheaves are used instead of drums. 
The engines are vertical, duplex, triple expansion, each having six cylin- 
ders and developing from 3,000 to 3.300 H. P. Two other smaller 
Whiting plants have lately been erected by the same company, but we 
were informed that they have not been successful. In the new Quincy 
mill, on Torch Lake, we were interested to find that Wilfley tables are 
being successfully used for the treatment of the finer products, including 
slimes, instead of the usual round talles. A large number of Wilfley 
tables have been installed also in the Calumet and Hecla mills. 

We desire to express our hearty thanks to the mine officers who so 
kindly extended permission for carrying on the class work at their several 
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properties ; especially to Capt. Thomas Walters and his staff, of the Lake 
Angeline mines, where fodr years ago we had the privilege of holding 
the summer school ; to Messts. Duncan and Jopling, respectively superin- 
tendent and mining engineer of the Cleveland-Cliffs Co.; to Messrs. Frank 
Mt:M. Stanton, agent, F. W. Denton, supt. and the foremen of the At- 
lantic mite, and to Capt. S. B. Harris and other officers of the Quincy 
mine. 

It should be remarked here that the apparent small size of the class 
this year is due to the fact thit an unusually large number of students 
have already fulfilled the summer school requirements, having either 
worked or studied in mines in other districts, and were therefore excused 
from attendance. A list of these students is as follows : Messrs. C. D. 
Clark, J. H. Parker, M. A. Patiison, J. E. Higgins, C. P. Everts and E. 
R. Perpbroke. Also, the following were excused from all work except 
the mine survey: Messrs. R. N. Bishop, G. E. Farish, W. R. Morley, 
S. F. Rigby and D. W. Smyth. In June, the five students last named 
made independently a mine survey in fulfillment of the requirements. 

R. P. 
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The Absolute Atomic WeijE^hts of the Chemical Elements. Established 
upon the analyses of the Chemists of the nineteenth century, and dem- 
onstrating the Unity of Matter. By Gustavus Detlef Hinrichs, 
M.D., LL.D. Published by C. G. Hinrichs, St. Louis, 1901. 8vo. 
.-^00 pages. Paper cover, |i.oo, net. 

The work, besides a prologue, concluding remarks and supplement, is 
divided into four parts. 

Part First, Errors of Precision in Atomic Weight Determinations, con- 
tains besides some very pertinent observations on the impropriety in 
averaging discordant results some very impertinent remarks on the work 
of Mallet, Ramsay, Moissan and others. 

Part Second, The Absolute Atomic Weights of Ten Leading Elements, is 
devoted to a r^um6 of the following atomic weight determinations : Lead, 
Berzelius; Iron, Svanbergj Mercury, Erdmann; Sulphur, Marchand; 
Chlorine, Turner; Carbon, Dumas; Calcium, Erdmann and Marchand; 
Magnesium, Scheerer; Platinum, Seubert; Thallium, Crookes. These 
determinations when properly interpreted and corrected (by Hinrichs) are 
taken as absolutely correct, though some of the investigators especially 
Crookes come in for extraordinary abuse. 

Part Third, The Absolute Atomic Weights of Boron and Nitrogen, con- 
tains the results of Ramsay's work on boron and Rayleigh's on nitrogen, 
which is accepted as disproving Stas' work ; the bulk of this part is a de- 
nunciation of all the work of Stas and vilification of F. W. Clarke for 
making use of it. A quotation from page 150 illustrates the style of at- 
tack: '* Professor Clarke evidently thinks such a demand unreasonably 
exacting ; for he puts the five bad eggs of Series L and the five good eggs 
of Series II. under his hen, and gets what he always succeeds in getting ; 
rotten results for his fracjrant olla podrida.** 

Part Fourth, Tabular View of the Atomic Weight Analyses of the Nine- 
teenth Century, contains some interesting comparative results on great 
numbers of atomic weight determinations interlarded with the author's 
opinions of the work of Morley and of the intelligence of Ostwald, Clarke, 
Richards and others, which are anything but complimentary. 

It would be impossible without giving unmerited space to the review of 
this book to discuss the value of the arguments advanced for discarding 
most of our accepted atomic weights ; the general plan is to recognize 
anyone who gets an atomic weight which is a whole number %s a great 
and accurate investigator and to ridicule those whose results are not so 
fortunate. 

The merit of the work consists in pointing out, forcibly enough, that 
even in the atomic weight determinations carried out with the sreatest 
care, there are chances of err r greater than the calculated probability of 
accuracy. What is required is concordance betiveen determinations by 
different methods both wet and dry, rather than the mean carried out to 
many decimals by any one method but until we can get this the majority 



VOL. XXIIJ. — 15. 



2i8 THE QUARTERLY, 

of chemists will probably continue to use the present values even if they 
are accused of suffering from '* morbus Stasii " and ** furor Clarkei." 

It is a pity that a work which shows both ability and great labor should 
be written in such an egotistical and abusive strain. E. H. M. 

Water-Tube Boilers, By Leslie S. Robertson, M.I.C.E., M.I.M.E., 

M.LN.A. New York, The D. Van Nostrand Co. 213 pages. 

The subject of water- tube boilers is one of cardinal importance from 
the point of view of the marine engineer and to mechanical engineers in 
general. In marine work the demand for increase of power per ton of 
machinery is ceaseless and insistent. Within the last ten years advances 
of much importance have been made. Steam pressures have risen from 
150 to aoo lbs. in the merchant marine and to 300 lbs. in naval practice ; 
piston speeds have increased 25 per cent.; the sustained sea-speeds of 
large vessels have grown from 20 to 23 knots; and a ton of cargo is now 
carried 100 miles for about 4 lbs. of coal, against 10 lbs. at the begin- 
ning of this period. 

In this economic development the water-tube boiler has not figured so 
largely as it unquestionably will in further advances. Its adoption meant 
little less than a revolution in prevailing practice ; the relative complexity 
of early types was an obstacle to their use ; the multiplicity of these 
types made selection difficult ; and the discussion of the subject has been 
clouded by heated argument and controversy. The reduction in the 
weight of the water-tube boiler and that of the contamed water and its 
capacity for raising steam quickly, are advantages of primary importance. 
With regard to the latter, the Engineer- in-chief of the U. S. Navy says : 
'' I consider the battle of Santiago to have developed the necessity for 
the use of water-tube boilers." Again, the Boiler Committee appointed 
by the British Admiralty states, in its Interim Report, that <^the advan- 
tages of water-tube boilers for naval purposes are so great, chiefly from a 
military point of view, that, provided a satisfactory type of water-tube 
boiler be adopted, it would be more suitable for use in His Majesty's 
Navy than the cylindrical type of boiler." 

Mr. Robertson's subject is, then, at this time, of especial interest to 
the engineering world ; and, as the author of the English translation of 
M. Bertin's exhaustive work, he brings to it the exceptional knowledge 
neces ary to present, in compact and p>opu ar form, its salient pomts. 
Although based upon a snort course of lectures delivered at University 
College, London, the book covers a wide range and teems with informa- 
tion, giving a historical review of many types of boilers with upwards of 
170 illustrations; treating briefly but clearly such important topics as 
crculation, combustion, corrosion, efficiency of heating surface, and 
forced draughts; and concluding with a very full chapter upon boiler- 
accessories. As a whole, the author's purpose in reviewing so wide and 
important a subject in limited compass has met a very marked measure 
of success and his work may be freely commended to the student and 
engineer. The book is we'l printed in clear type on excellent paper; 
the illustrations are ample and effective 

W. L. C. 
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CORE DRILLING WITH THE DAVIS CALYX DRILL. 

By L. V. EMANUEL. 

The object to be attained in boring with a core drill is to pro- 
cure a series of accurate samples of the material penetrated. 
When such material is too soft or friable to permit a proper core 
to be obtained, the chief purpose of the bore hole may be defeated; 
for, the sludge which is carried to the surface by the wash water 
does not always furnish the desired information. 

In the Davis Calyx drill are found the following general features: 

1. The Cutter. (Fig. I.) — ^This is a cylindrical shell of special 
tool steel, one end of which is provided with an even number of 
long sharp teeth, of a shape somewhat similar to that of a cape 
chisel, the other end being threaded for screwing it into the core 
barrel. The cutter works well in rock not too hard to be scratched 
with a penknife. 

2. Tlte Core-Barrel is a tube considerably larger in diameter 
than the drill rods, but of the same outside diameter as the shell 
of the bit or cutter. 

3. Ihe Drill- Rods comprise a series of lengths of tubing, con- 
nected by flush screw joints, and joined to the upper end of the 
core barrel by a reducing plug of special form. 

4. The Calyx is also a tube, or series of tubes, equal in diameter 
to the core barrel. It surrounds the lower drill rod, is open at the 
upper end. and is screwed on the outside of the reducer, mentioned 
above, with a left-hand thread. There is, therefore, an annular 
space between the rods and calyx. A guide ring, perforated by 
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water passages, is screwed inside of the upper end of the calyx, 
encircling the rods, and keeping the tubes concentric, 

S. The Sltot-Bit. — This is a cylindrical steel shell, threaded on 
one end for screwing ir to the core barrel, and having a triangular 
notch cut at one point of the lower edge. (Fig. 4.} Small chilled- 
steel shot are used with this bit, which is intended to replace the 
toothed bit when boring in hard formations. 

By means of an engine on the surface a rotative motion is im- 
parted through the rods to the bit. (Fig. 2.) The engine also 
drives a drum, on which winds a wire rope for raising and lower- 
ing the rods and regulating tlie feed of the drill. With small drills 
a manila or small close-wound cotton rope is used. F'or rotating 
the drill-rods there are several devices, as employed with drills of 
the different patterns made by the company. These are described 
and illustrated on pages 228 to 233. In cutting a core the work 
done by the Calyx drill resembles, in a general way that of the 
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Diamond drill. A pump is provided for forcing water down 
through tlic hollow rods; the water carrying the sludge rising to 
the surrace in the annular space between the rods and the casing 
pipe. (Fig. 3,j The water pipe is connected by a swivel head to 
the upper end of the rods. 

Metkod of Operating iVith the Davis Cutter, — The engine being 
started the weight of the rods and attachments at the surface forces 
the bit against the rock. By means of the block and tackle sus- 
pended from the derrick (with a feed regulator at the engine in 
large drills and a hand feed in the small), the pressure upon the 
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bit is adjusted, as the depth of hole and weight of rods increase. 
The cutter teeth do not begin to act immediately ; the rods, on ac- 
count of their torsional elasticity must be twisted considerably before 
sufficient energy is accumulated to overcome the resistance of the 
bite of the teeth. But, the moment the rotative force imparted by 
the engine exceeds the resistance of the bit, fragments of rock are 
broken away violently by the teeth, andthe cutter springs around the 
groove under the elasticity of the rods, until momentarily brought to 
rest by taking a renewed bite. While the cutter thus pauses be- 
low, and the torsion force continues above, potential energy ac- 
cumulates in the drill rods until the rock is forced to yield, and 
the cutter again rotates. A repetition of these movements pro- 
duces an effect similar to that of a stone-mason's mallet and chisel, 
which will cut or chip hard rock with but little effort. As the 
fragments of rock are broken off they are carried upward by the 
wash-water, outside of the core-barrel and calyx, until they reach 
the point E, (Fig. 3.) Here the water enters the wider annular 
space, above the calyx tube, and, as the velocity of the current is 
thus reduced, the chips of rock follow the line of least resistance 
by falling into the calyx around the drill rods. By this means the 
bottom of the hole is always kept free from cuttings and sludge, 
without the necessity of employing a stream of wash-water strong 
enough to carry the coarse chips all the way to the surface. An- 
other feature of this arrangement is that, when boring in rock too 
soft to make a satisfactory core, the chips of rock deposited in the 
calyx furnish an additional record of the strata penetrated. But it 
is evident that this chip record is often inaccurate, because, as the 
particles of rock vary in size (and in specific gravity, also, when 
boring through non-homogeneous rock, or ore-bearing strata), a 
certain amount of concentration takes place in the calyx. In 
homogeneous rock, on the other hand, considerable uniformity in 
the size of the chips may be expected ; in which case they will lie 
in the calyx in the inverse order in which they were cut. 

With the Davis cutter it is possible to cut through hard forma- 
tions, but not at a payable speed. It works best in the softer for- 
mations. When hard rock is encountered the shot-bit, or shot 
core-barrel, is substituted for the toothed cutter, as described 
further on. 

In the six- tooth Davis cutter, making a 2^ inch core, the teeth 
arc formed alternately with an inward ** set *' of one.sixteenth inch, 
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and an outward •* set " of one-eighth inch. This is done in order to 
cut an annular groove wide enough to afford a proper amount of 
clearance for the bit and- core barrel, and to allow free passage for 
the wash-water and sludge; the clearance being one-eighth inch 
outside and one-sixteenth inch inside. All the teeth should be of 
the same length, the forward edge of each tooth being vertical. 
The teeth should never have a rake forward, because the cutter is 
not a tool for cutting rock, but for breaking and chipping it. As 
shown in Fig. I, the rear of each tooth is inclined about 30° from 
the vertical ; a smaller angle would make the tooth too weak, while 
a larger angle would cause it to become dull too rapidly. When 
the teeth wear down, they are sharpened and regulated with the 
gauge set. Every blacksmith has his own way of tempering tool 
steel, but since, as the result of experience, the makers of this drill 
advise a certain mode of tempering the steel used in the cutters^ 
their directions are here given. 

An even heat, in a clean fire, is given to all the teeth, by turn- 
ing the cutter around and around in the fire. When the teeth 
attain a dull red heat, the cutter is placed upright in a shallow pan 
containing about one inch in depth of cotton-seed oil. After re- 
maining in the oil about one minute the cutter is taken out, and 
the points of the teeth watched until the oil on them begins to fry 
and turn brown. The whole bit is then cooled in water. This 
gives a cold-chisel temper, which is found to be advisable. Care 
should be taken not to burn the points when heating, and in forg- 
ing to keep the inner surface of the teeth free from all protuber- 
ances, which might snap ofT the core while drilling. 

The cutter should never rotate at a greater peripheral speed than 
nine feet per minute ; the speed being often as slow as five feet per 
minute. A higher speed wears away the points rapidly without 
doing satisfactory work. When using the Davis cutter the quantity 
of water pumped into the hole needs not be accurately regulated ; 
but it is best to use a small quantity when passing through soft 
material, as a high pressure tends to crumble the core and vitiate 
the core record. In comparatively hard rock the quantity of water 
may be increased. The cutter uses more water tiian the shot-bit, 
but less is required at all times than for a diamond drill of the same 
diameter. 

Bonng with the Sliot-Bit or Chilled S/iot Process. — This method is 
employed for hard rock, in which the ordinary tooth bit will not 
work at a satisfactory speed. 
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The shot-bit is a hollow tube of soft steel, varying io length ac- 
cording to the size of the hole to be bored. For a 2^ in. core 
the bit would be 12 or 15 in, long. As shown in Fig. 4, a trian- 
gular notch is cut in the lower «...n 
edge of the bit ; the upper part |, 
of the notch serving for the pas- 
sage of most of the water, and 
the lower part for most of the 
shot. The shot used with this 
bit are of chilled steel, about 
one-sixteenlh inch in diameter. 
They are sufficiently hard to 
scratch glass. When the bit has 
worn down so that the notch is 
too small, it is cut out again, 
this being repeated until the 
bit becomes too short for use. 
The upper end of the bit is 
threaded for screwing it to the 
regular core-barrel. When the 
drill is at work the rock is 
ground away by a rolling action 

of the rapidly rotating bit. 

The principle on which the '°' *' 

shot-bit operates may be explained as follows: On a small block 
of close-grained limestone place one of the shot, and above the shot 
a flat piece of soft steel. By pressing the hand firmly on the steel 
plate, and at the same time giving it a forward motion, a groove 
will be made in the stone, where the shot has plowed its way. The 
action by which this groove is made may best be described as 
milling ; it is a crushing, rather than a grinding, action. 

The function of the triangular notch in the rim of the bit may 
be shown by tracing the path of the shot while the drill is at 
work. The shot are fed through the hollow drill rods, and on 
reaching the bit attempt to pass with the water out throuf^h the 
triangular opening. A large part of the shot are wedged there, 
between the lower edge of the bit and the rock, some of them 
also passing along each side of the bit, between the wall of the 
hole and the core. The milling action described above then takes 
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place. Care should be taken to feed no more shot than necessary, 
otherwise they will grind on one another instead of acting on the 
rock. The proper quantity is determined only by experience. If 
the shot are in excess of requirements the bit will soon present an 
irregular appearance, being grooved slightly in a number of places. 
When the milting action is perfect the edge of the bit presents a 
well-rounded section, as shown in Fig. 4. With a bit thus rounded 
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(assuming a perfect milling action), the shot always have a tendency 
to move from under the edge of the bit, out and upward on each 
side. Taking one shot as an example — suppose it has just started 
upward. As the drill is rotating very rapidly (150 to 200 feet pe- 
ripheral speed per minute), the notch in the bit very quickly comes 
around to the point occupied by this particular shot; the shot 
drops down through the opening, and is again brought into contact 
with the edge of the bit. As hundreds of shot are constantly 
making this cycle of movements the operation is continuous, and 
when they are properly fed the milling action is rendered very 
effective. The water supply should be so regulated as not to force 
the shot from under the bit or the work done will be reduced. 
The shot process should never be used in soft formations, as the 
shot will become embedded in the material and stick fast, so that 
very little work is done. 

While the writer was recently doing some work with the Calyx 
drill in the Indian Territory, in one hole, at a depth of 150 feet, 
the drill encountered a cavity a little over two feet deep. The rods 
were hoisted and the ordinary cutter substituted for the shot-bit. 
After starting the hole again in the bottom of the cavity, the shot- 
bit was replaced and the drilling continued. 

To break off and withdraw the core from the hole the drill is 
stopped and some small cracked stones (split-pea size) are dropped 
down inside of the drill rods. Then the pump is started, to wash 
these stones down and around the core. On raising the rods the 
core will be found wedged in the core barrel. The action is made 
more effective by the fact that the inner diameter of both the shot 
bit and the Davis cutter is slightly and gradually contracted from 
the threaded end downward, thus reducing the width of the annu- 
lar space around the base of the core. The smiU angular stones 
thus become firmly wedged between the bit and core. Then, as 
the rods are raised the core breaks off, somewhere within the bit, 
a few inches above its base. On reaching the surface a few taps 
of a hammer on the core barrel will loosen the core and cause it to 
drop out. 

The •' shot core barrel," formerly used, but which the makers of 
the Calyx drill intend to discard entirely, is a steel tube, notched 
like the bit, but about eight feet long. It is used in the same 
manner as the shot bit. The advantages of the bit over the 
shot core barrel are: (i) When the length of the core barrel has 
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been considerably reduced by wear, the intervals between the 
hoistings of the drill rods become shorter and shorter, while with 
the bit, the ordinary core barrel is employed and the rods are 
hoisted at regular five-foot intervals, or according to the length of 
core barrel used. . (2) When a bit is worn out it is readily re- 
placed, as it is small and quickly handled, the reverse being the 
case with the shot core barrel. (3) With the ordinary core 
barrel the toothed cutter and the shot bit are interchangeable ; 
while to change rom shot core barrel to the cutter requires a 
change of both bit and core barrel. 

Sufface Plant for Rotating and Feeding the Drill, — The latest pat* 
terns of the Calyx drill are known as classes A, B and C. While 
the rods, core barrel and bit are the same in each, the surface ap- 
pliances are varied according to the depth and diameter of the 
hole. 

Class A Drill, — This is the largest, and is intended for holes of 
a maximum depth of 3,000 ft, and from 4^ in. to 11^ in. diam- 
eter, the cores varying from 3 in. to 10 in. diameter. 

The uppermost length of drill rod has a square cross-section,, 
with slightly rounded edges ; the other lengths of rod below being 
of round tubing. All are hollow, to permit the passage of the 
wash- water. 

Just above the mouth of the drill hole, and encircling the square 
rod is a heavy cast-iron disk, of the shape shown in Figs. 5 and 6- 
The rod is free to slide up or down through the disk, but at the 
same time is rotated by it. On the under side of the disk is a cir- 
cular-toothed rack (see also Figs. 3 and 7), engaging with which 
is a small bevel gear, mounted on a horizontal shaft. This shaft 
is driven by a belt and pulley from the engine. Hinged to the 
upper side of the disk are the heavy cast-iron arms, called the 
"antipodes"; they are shown closed in Fig. 5, and open in Fig» 
6. When drilling, the ** antipodes " are closed, forming- where 
they meet a square opening, fitting closely around Ihe rod and 
grasping it firmly. Thus, when the disk is rotated, the rods are 
rotated with it. The disk is mounted on a hollow bronze bearing 
encircling the rods. 

On each length of rod are two couplings ; the lower one round,, 
with a serrated exterior surface, and the upper one of a square 
cross-section, of the same size as the upper drill rod. When the 
rods are to be uncoupled and raised the *' antipodes " are thrown 
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back, and the rods hoisted as far out as the height of the derrick 
will permit. Then the treadle (see Fig. 6) is pressed down, which 
forces forward horizontally, on opposite sides against the rod, two 
small serrated steel jaws, which conform to the circumference of 
the round couplings. This done, the rods are lowered until a ser- 
rated coupling meets the jaws, in which the coupling rests and is 



2 30 THE QUAH TERL V. 

firmly gripped. The " antipodes " are then closed, locking on the 
square coupling directly above the round one. Finally, by revers- 
ing the engine the joint is uncoupled, leaving the rods below 
hanging on the serrated jaws. The operations as described are 
repeated until the bit reaches the surface. 

Class B Drill. — This drill will bore to a depth of i ,500 ft., making 
holes from 4.)^ in. to 5^ in. diameter, with 3 in. to 4 in. cores. 

The rotating disk, with its accompanying parts, is somewhat 
different from that of pattern A, though working in a similar man- 
ner. It is composed of two parts, shown closed in Fig. 7 and open 



in Fig. 8. One part is a yoke-shaped casting, sliding horizontally 
in guides on the disk; the other is a hinged arm or block. When 
closed for drilling, the yoke encloses the square rod on three sides, 
and the hinged arm is dropped against the fourth side. When 
open for raising the rods, the yoke slides back and the arm is 
thrown out. This pattern of drill may be driven by a chain and 
sprocket wheel. 

Fig. 8 illustrates the use of the short vertical sockets on the 
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rotating disk of both the A and B forms of drill. By setting in 
each socket a piece of wrought-iron pipe, and bolting clamps to 
the casing pipe — or lining for the drill hole — the casing is rotated 
while being sunk or " washed down," 
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Clan F Drill. — As indicated in Fig. 9, this pattern bears some 
resemblance to the Diamond drill. It bores to a maximum depth 
of 800 ft, a hole y/^ in. diameter, with a 2Jb in. core. The drive 
rod is round and has a long groove which engages a spline set in 
the collar revolving in the main bearing. The rotation of the rods 
is effected through this collar, by means of a pair of bevel gears 
driven by the engine (not shown). Pressure is brought upon the 
fods by the ropes winding on a pair of small drums, which are 
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slowly rotated by hand through worm gearing. In classes A and 
B the pressure is applied and adjusted by a friction driver engaging 
with the rope drums. 

I wish to thank Professor Robert Peele, of the School of Mines, 
Columbia University, and Mr. Terry, Secretary of the Davis 
Calyx Drill Co., for their kind assistance in the preparation of this 
paper. 

THE ION THEORY. 

By F. G. WIECHMANN. 

In view of the growing importance of electro-chemistry in both 
pure and applied science, a brief account of one of the fundamental 
conceptions on which modern electro-chemistry is based may be 
not unwelcome to those who may lack time or opportunity to 
amiliarize themselves with the more recent aspects of this subject, 
while the references to text-books and other works here inciden- 
tally given, will prove of value to those who may wish to enter 
more fully into the study of these interesting matters. 

The Ion Theory, or, the Theory of Electrolytic Dissociation, as 
it is frequently termed, was formulated by the Swedish scientist 
Svante Arrhenius, now professor in the University of Stockholm, 
after he had become acquainted with the brilliant researches of J. 
H. Van't Hoff; these were published in 1887, in an article entitled : 
^•The Role of Osmotic Pressure in the Analogy between Solutions 
and Gases." 

By the term osmotic pressure there is understood the pressure 
exerted by the molecules of a substance in solution when such 
solution is brought into contact with the pure solvent, or when such 
a solution is brought into contact with another solution of a different 
degree of concentration. 

The true cause of osmotic pressure is as yet unknown, but the 
phenomena of osmotic pressure have been carefully studied and 
some very important relations have been determined. 

Van't Hoff's theory of osmotic pressure holds that the osmotic 
pressure of a substance in solution is the same as the pressure 
which that substance would exert if it were in the gaseous form 
and occupied the same volume at the same temperature. In other 
words, the laws of gases apply also to dilute solutions ; the laws of 
gas-pressure are valid also for the osmotic pressure of solutions. 



234 THE QUARTERLY. 

The gas-equation/z/ ssr 7? Testates that the product of the volume 
and the pressure of a gas is directly proportional to the absolute 
temperature and to the value R. 

/? is a constant = -" ^. In the equation of state for gases : 

v^m volume in ex. of a gramme-molecule of the gas. 

/ = pressure in grammes per square centimeter. 

7 =' absolute temperature. 

The molecular weight in grammes (one mol.) of a gas at o*^ C. 
and 76 cm. of Hg pressure, has a volume of 22.4 liters ; in the 
space of I liter it must therefore exercise a pressure of 22.4 atmos- 
pheres. Now it follows according to Van't Hoff 's theory, that the 
osmotic pressure, exercised by a solution of one mol. of a substance 
in one liter, must likewise be equal to 224 atmospheres. 

A solution of this kind (one gramme- molecular weight of a 
solute in one liter), is called a normal solution. 

A normal solution hence exercises an osmotic pressure of 224 
atmospheres, a tenth-normal solution exercises an osmotic pressure 
of 2.24 atmospheres, and so on. 

It is evident, then, that if the osmotic pressure of a solution is 
known, that the molecular weight of the solute can be readily de- 
termined. 

A I per cent, solution of sucrose gives an osmotic pressure of 
49.3 cm. of Hg. 

A normal solution of sucrose would give a pressure equal to 

22.4 X 76= 1702.4 cm. Hg. 

The I per cent, solution contains 10 grammes of sucrose per 

liter, hence 

10 : M :: 49.3 : 1702.4, ;r= 345. 

This is in close agreement with the molecular weight of sucrose 

as calculated : 

C 12 X 12= 144 

H 22 X I = 22 

O II X 16= 176 

342 

Many solutions which were examined in this way yielded returns 
which were found to agree with this theory and which bore out its 
assumptions. But it was soon ascertained that all the salts, acids 
and bases did not behave in accordance with its teachings. 
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Solutions of these substances gave osmotic pressures greater 
than they would have given had they acted in conformity with the 
laws of gases. 

It was furthermore determined that those substances which, 
in aqueous solutions, exert an osmotic pressure greater than is 
called for by the law of gas-pressure, likewise cause greater lower- 
ings in the freezing-point of water, produce greater elevations of 
the boiling-point, and effect a lowering in the vapor-tension of vola- 
tile solvents ; last, but not least, it was held that aqueous solutions 
of these substances, and these only, could conduct the electric 
current. 

To meet the exigencies of the case it was proposed to introduce 

an additional factor i, into the gas equation, thus making the latter 

read : 

pv ^ iRT. 

This factor i was termed the Van't HoflT 1, from its originator. 

In all of the substances named, the salts, the acids and the bases 
the value of / is always greater than unity. 

Arrhenius, reflecting on this problem, | on the probable cause of 
these numerous discrepancies between Van't HofTs theory of 
osmotic pressure and the results found, recalled the analogous case 
of abnormal vapor.pressures exhibited by iodine and by some other 
substances when their vapor-pressures were determined at high 
temperatures. 

In these instances the explanation had at last been reluctantly 
accepted, that a dissociation of the molecules probably occurred 
at high temperatures. 

" Therefore," wrote Arrhenius, •« it is natural to assume that 
substances which in aqueous solution give pressures that are too 
great, are likewise dissociated.*' 

Arrhenius outlined his theory in a letter which he addressed in 
the early part of 1887 to Oliver Lodge, Secretary of the British 
Association Committee for Electrolysis.* Somewhat later in the 
same year a full discussion of his views appeared in the Transac- 
tions of tJte Swedish Academy of Sciences^ in which journal there 
had been published, in 1883, another article by Arrhenius, " Gal- 
vanic Conductivity of Very Dilute Aqueous Solutions," in which 

* W. Ostwald, ** Elektrochemie, ihre Geschichte und I-^hre." Leipzig, 1896. 
X H. C. Jones, **The Elements of Physical Chemistry." New York, 1902. 

VOL. XXXIII. — 17. 
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he may be said to have, in a measure, foreshadowed the theory of 
electrolytic dissociation which he formulated in 1887. 

The essence of this theory of Arrhenius is of course the deduc- 
tion that the osmotic pressure exercised by the particles into which 
molecules may become dissociated is the same as the osmotic pres- 
sure exercised by the molecules themselves. 

In other words, the ion theory holds that in dilute aqueous solu- 
tions there are more smallest particles of the dissolved substance 
(the solute) than corresponds to the molecular weight of the sub- 
stance ; the theory accounts for this by assuming that a number of 
molecules are dissociated, electrolytically dissociated, in such 
solution. 

These particles into which molecules become electrolytically 
dissociated are called ions. 

When an electric current is passed through a conducting solu- 
tion a part of the ions formed in the solution will move towards 
the negative electrode, the cathode ; these particles bear a charge 
of positive electricity. The other ions will move towards the posi- 
tive electrode, the anode, and these particles bear a charge of nega- 
tive electricity. 

The ions which move towards the cathode are termed cathions, 
the others, anions. These terms are derived from the Greek. 
Cathion means the descending^ because the cathions move with the 
positive current. Anion means the ascending^ to indicate that an- 
ions move in a direction opposite to that taken by the cathions. 

This terminology is due to F^araday.* 
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Williamson in i85i,and again Clausius in 1857, had assumed 
that a small portion of ions preexisted in solution*? and that these 

*M. I.e Blanc, **The Elements of Klectrochemistry." New York, 1896. W. Loeb, 
** GrundzUge der Electrochemie." Leipzig, 1897. 



THE ION THEORY. 237 

were capable of conducting the electric current; these particles 
were designated as part-molecules. 

The view generally accepted in 1887 was, that the current itself 
caused the breaking up of a chemical compound into the particles 
which conveyed the electric charge through the solution. 

Arrhenius determined that the number of preexistent ions might 
be considerable and that, up to a certain limit, dilution of the solu- 
tion increased their number. 

There must always be an equivalent amount of positive and of 
negative electricity conveyed by the ions, for there is no free elec- 
tricity to be detected in the solutions of electrolytes. 

For every cathion which separates at the cathode, an anion must 
give up a corresponding electric charge at the anode. 

Ions possess definite electric valencies, if this expression be per- 
missible, and for every dyad ion which separates at one electrode 
another dyad ion, or two univalent ions, n)ust separate at the 
other electrode. Among the more important monovalent cathions 
are :* H {in the acids), K, Na, Ag, etc. 

Among the divalent cathions : Ca, Ba, Mg, Fe (in ferro-com- 
pounds), etc. 

Among the trivalent cathions: Al, Bi, Sb, Fe (in ferri-salts) etc. 

Among the monovalent anions are listed: OH (in the bases), 
CI, Br, I, NO,. CIO,, etc. 

Among the divalent anions : S, SO^, MnO^, etc. 

All ions convey a certain definite amount of electricity or some 
simple multiple of this given amount. 

F. Kohlrausch and Lord Rayleigh have determined that the 
actual quantity of electricity associated with one gramme of H 
ions (or with an equivalent amount of any other ion), is equal to 
96,540 coulombs. 

This is termed the electro-chemical equivalent ; it is the amount 
of electricity which will separate a gramme-atomic weight of any 
monovalent element like H, Ag, K, etc , from its compounds. 

Conversely, one coulomb of electricity requires for its t'^avels 
in an electrolyte o.ooocx)l036 gramme equivalent of any given ion.f 

Different ions do not move with the same speed, they nibve 
with independent velocities. 

♦W. Ostwald, ** Die wisscnschaftlichen Grundlagen der Analytischen Chemic.*' 
3d ed., Leipzig, 1901, p. 52. 

f \V. Ostwald, *'Grundriss der AUgemein^n Che.tiic." 3d ed., I^ipzig, 1899. 
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The absolute velocity of the hydrogen ion was determined by 
the English physicist Lodge to be about 0.003 cm. per second, for 
a fall in potential of i volt a centimeter; this value was deter- 
mined in an aqueous solution of gelatine.^ 

The relative velocities of the ions hydroxyl and hydrogen are 
respectively 170 and 325. These figures were obtained at a tem- 
perature of 25° C. 

Ions of different substances vary considerably in their electro- 
affinity, that is, in the degree of power with which they hold their 
electric charges. 

Those ions which hold their electric charges firmly, are termed 
strong, those which readily part with their charges, are called 
weak ions. As a rule, strong ions are given to the forming of 
soluble compounds, compounds which dissociate readily when 
brought into solution. Weak ions, on the other hand, are gen- 
erally given to the forming of compounds which are less soluble, 
that is, to the forming of compounds which ionize only to a slight 
degree when placed into contact with a solvent. 

If an ion of a low degree of electro-affinity encounters a non- 
ionized substance which possesses a greater degree of electro- 
affinity when in the ionic state than it itself possesses, then the 
electric charge will be transferred from the former to the latter.f 

For instance if metallic zinc is brought into contact with lead in 
the ionic condition the lead suffers precipitation as metallic lead, 
while the zinc goes into solution, zinc ions being formed. 

Lead precipitates copper ; copper, in turn, precipitates mercury, 
and so on. 

When an electric current is passed through an electrolyte the 
ions move through the solution to the electrodes and there give up 
their charges of electricity, provided that the tension of the elec- 
trodes is sufficient to overcome the electro- affinity of the ions for 
their electric charges. When this happens the ions separate in 
their elemental condition, unless they take part in some sec- 
ondary reactions in which they enter into new chemical relations. 

The capacity of forming ions does not depend alone on the sub- 
staifte which goes into solution, the solvent plays an important 
role in this transaction. This property is referred to as the disso- 



*H. C. Jones, ** Outlines of Electrochemisiry." New York, 1901. 
t R. Abeggand W. Herz, ** Chemisches Praktikum," Gotlingen, 1900. ** Practical 
Chemistry," translated by H. T. Calvert. London, 1901. 
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ciation power of the solvent. It is possessed in the highest degree 
by water, or possibly by hydrogen dipxide ; next in order come 
formic acid, methyl and ethyl alcohol. Chlorofortn, benzol and 
many other organic substances lack this dissociative power and 
such solutions of substances are not electrolytes, that is to say, 
these do not conduct an electric current between electrodes im- 
mersed in them. 

Aqueous solutions of most neutral salts are practically com- 
pletely ionized in i ,000 liters of water. As a rule, salts contain- 
ing monovalent ions are ionized to a greater extent than salts of 
multivalent ions. 

The strong acids, among which must be counted HCl, HI, HBr, 
HNO, and H^SO^, are under the same conditions, all ionized to 
about the same degree as the salts. 

H,PO^ and H,SOg are usually ionized to the extent of only 10 
per cent. Silicic acid and boracic acid are barely ionized at all. 

Recent studies by Walker and Cormack have determined the 
degree of ionization of the following substances in one-tenth nor- 
mal solutions. 

HCl 91.4 per cent. 
HC^H^O, 1.3 - 

HjCOj 0.174 •• 

H,S 0.07s " 

Boracic acid 0.013 ** 

Among the strong bases are the hydroxides of the alkalies and 
the hydroxides of the alkaline earthy metals. Ammonia and 
magnesia are bases of a lower degree of ionization, and the 
hydroxides of di- and trivalent metals and most of the alkaloids 
must be counted among the weak bases. 

The ion theory has proven of special value in securing a clearer 
understanding of the problems of analytical chemistry. It is to 
Wilhelm Ostwald that science is chiefly indebted for signal achieve- 
ments * in this direction. 

The study of many, if not of most, chemical reactions may be 
regarded as a study of the- behavior of ions, for ions have and 
preserve certain individual characteristic properties, which they 

*W. Ostwald, "Die wissenschaftlichen Grundlagen der Analytischen Chemie." 
1st Edition, Leipzig, 1894. "The Scientific Foundations of Analytical Chemistry.'* 
Translated by George M'Gowan. New York, 1895. 
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exhibit without regard to the presence or absence of other ions 
and molecules. The properties of aqueous solutions of most salts 
are but the sum of the properties of their constituent ions. 

That this point of view materially simplifies analytical chemistry 
is evident when one considers that instead of having to study and 
to remember the reactions of, say, one hundred different compound 
substances, all that it is necessary to know are the reactions of ten 
cathions and ten anions which enter into the composition of the 
above-named one hundred compounds. 

The terms salt, acid and base have here been repeatedly used, 
and it will be necessary tcTgive their definitions as understood in 
the light of the ion theory. Salts are compounds which, when they 
are dissolved, break up, wholly or in part, into cathions and anions. 

Acids are salts in which the cathions are alwa>'s hydrogen 
ions ; bases are salts in which the anions are always hydroxyl ions. 

Strong acids are those which contain numerous hydrogen cath- 
ions in unit volume — for the characteristic properties of acids de- 
pend on their hydrogen ions. 

Strong bases are those which contain many hydroxyl anions in 
unit volume, for it is upon the presence of the hydroxyl ions that 
the characteristic properties of bases depend. 

Acidity and basicity of solutions hence rest solely upon, and 
vary with, respectively, the amount of hydrogen and of hydroxyl 
ions present. 

The hydrogen ions of acids behave differently from hydrogen 
occurring in other combinations; the hydroxyl ions of bases like- 
wise react differently from the hydroxyl groups occurring in other 
compounds. Thus, the hydrogen ions of acids will redden litmus ; 
the hydroxyl ions of bases will turn red litmus blue. Water and 
hydrogen peroxide both contain hydrogen and hydroxyl, yet 
neither shows the above-mentioned reactions with litmus. Water 
and hydrogen peroxide are therefore at once recognized as not 
belonging to either the acids or bases. 

Pure water is ionized only to a very slight degree, less than one 
mol, that is to say, less than 1 8 grammes, in ten million liters — 
14 grammes is the figure that approximates more closely to the 
real value. To express it differently, in one million liters of water 
there are 0.078 gramme of hydrogen ions and 1.326 grammes of 
hydroxyl ions. These values are the values for the temperature 
of 18° C. The number of ions in a given solution increases very 
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rapidly with the temperature, approximately at the rate of eight 
per cent, per degree. 

As water is so slightly dissociated, it is but natural that hydrogen 
ions and hydroxyl ions when they meet in a solution should im- 
mediately combine to form non-dissocciated water. 

From the view-point of the ion theory the neutralization of an 
acid in an aqueous solution is looked upon, not as the union of an 
acid with a basic radical, but as the union of the hydrogen ions of 
the acid with the hydroxyl ions of the base ; the process of neu- 
tralization in an aqueous solution hence consists essentially in the 
formation of water. 

The heat of neutralization, for instance, of the reaction : 

HCl + NaOH =Na + CI H- H,0, 

is due to the heat of chemical combination of the hydrogen ions 
with the hydroxyl ions, tlie sodium cathions and the chlorine 
anions* remaining unchanged in the solution. 

In writing chemical equations in which it is desired to direct at- 
tention to the part which ions take in the reaction, it is customary to 
follow Ostwald's example and to designate the cathions by a dot, 
the anions by a dash placed above, or, on the right-hand side of the 
chemical symbols. 

Monovalent ions are marked with one dot if they are cathions, 
with one dash if they are anions; multivalent ions are marked 
by as many dots or dashes respectively as will indicate their 
valency. 

Cathions exceeding the valency of four arc not known ; simple 
anions are either monads or dyads ; complex anions may exhibit a 
valency of six. 

The term ion, introduced by Faraday, was by him employed in 
connection with the stems of the chemical names of substances so 
as to indicate the substances from which the ions originated. A 
systematic nomenclature of the ions has, however, as yet not been 
adopted. 

Recently James Walker t proposed a system of naming, as he 
puts it, '' the material of the ions as distinguished from the par- 
ticles themselves." 

For the cathions he would add the termination ion to the stem, 

*W. Ostwald, **Grundrissder Allgemeinen Chemie," 3d Edition. Leipzig, 1899. 
t Chemical News f 1901, Vol. 84, p. 162. 
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and, when necessary, would indicate the electrical valency of the 
ion by prefixing a Greek numeral. 
Thus Walker suggests : 

Hydrion, H* 

Sodion, Na* 

Calcion, Ca** 

Diferrion, Fe** 

Triferrion, Fe*** 

and so forth. 

The names of the anions he would frame in such a way as to 
indicate the kind of salt from which the anions are derived. 

For instance, anions formed from -ate salts would receive the 
termination -anion ; those formed from -ite salts the ending -osion 
(to recall the -otis acids which give rise to -ite salts). Anions 
formed from -ide salts would receive the termination-idion. 
Thus he lists : 

Hydroxidion, OH' 

Sulphidion, S" 

Sulphosion, SO," 

Sulphanion, SO/' 

To indicate any and all substances which undergo ionization, 
Alexander Smith has recently suggested the term ionogen.* 

When a solid goes into solution it exerts pressure. This is 
termed the solution-pressure of the solid and it corresponds to the 
osmotic pressure of a saturated solution. 

If the molecules of the solid are not dissociated in the process, 
the action ceases when a certain pressure has been attained. If 
the substance is an ionogen, that is to say, if it dissociates into 
ions, then the action continues until the ions and the non-disso- 
ciated molecules attain respectively to a definite concentration. 

This relation can be expressed by a formula which holds true in 
many, though not in all, instances: 

Km = ca» 
In this formula, 

A^ssthe constant of ionization. 

7n =s the concentration of the non- dissociated molecules. 

r =s the concentration of the cathion. 

a 9 the concentration of the anion. 

"' Chemical News y Vol. 84, 1901, p. 279. 
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The unit of concentration is one mol. per liter. In other words, 
the formula Km =s ca^ where it is valid, states that the product of 
the ions present in a solution bears a fixed relation to the amount 
of non-dissociated molecules in that solution. 

This formula is an interesting one. Nernst determined that the 
concentration of the non- dissociated molecules does not change in 
a saturated solution. In a case where both m and K are unchang- 
ing the product ca must also have a constant value. This product 
19 termed the solubility-product. It represents the number of 
grammes per liter to which the concentration-product of the ions 
can attain and yet have the ions exist as ions in the solution. 

It follows, that if one should add to a saturated solution wherein 
$uch an equilibrium obtains, any other solution which has an ion in 
common with an ion of the solution first named, that then the 
equilibrium will be disturbed, and, the solubility-product having 
been exceeded, that the respective values will suffer readjust- 
ment. 

This indicates the conditions to be established in order to secure 
a practically complete precipitation of any given substance ; em- 
ploy an excess of the precipitating reagent. This same principle 
applies to the washing of precipitates in order to avoid the solvent 
action of the washing fluid. The rule is simply this, matters must 
be arranged in such a way that the washing fluid shall contain ions 
identical with some of those which were instrumental in forming 
the precipitate. 

The ions of most of the lighter weight metals and those of the 
halogens are colorless. Those of the heavier metals exhibit color ; 
for instance, cobalt ions are red, nickel ions and di-ferric ions are 
green. 

The use of indicators in acidimetry and alkalimetry is based 
upon the fact that in the indicators used the color of the non-dis- 
sociated molecule is different from the color of the ion or ions 
formed therefrom. 

Considerable attention has recently been bestowed on indicators 
and their action.'*' The ion theory affords a plausible explanation 
of the phenomena involved and it may be of interest to consider 
a case in illustration. Phenolphthalei'n is an indicator which is 
used frequently, and it will well answer our purpose as an example. 

*F. Glaser, ** Indikatoren der Acidimetrie und Alkalimetrie," Wiesbaden, 1901. 
A. J. Cohn, *< Indicators and Test-papers,*' New York, 1900. 
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The formula of phenolphthalein is C^Hj^^. Its configuration 
is probably 

/CjH.OH 
C^C,H,OH 



O— CO 



Phenolphthalein is a weak acid, that is to say, it ionizes in water 
only to a slight degree. Its non-dissociated molecule is colorless^ 
its cathion H is colorless, its complex anion is red. This anion 
shall here be denoted by the symbol P.P/ 

If KOH is added to a colorless (alcoholic) solution of phenol- 
phthalein there will be present in the solution: 

Ions from the phenolphthalein: H* cathions and P.P/ anions. 

From the KOH solution : K* cathions and (OH)' anions. 

The H* cathions of the phenolphthalein will combine with the 
(OH)' anions of the potassium hydrate and form non-dissociated 
water-molecules. Abstraction of the H* cathions will however 
induce other molecules of phenolphthalein to dissociate in order 
to restore the equilibrium indicated by the formula Km a ca. 

These reactions continuing, there will ultimately be present in 
the solution an accumulation of K* cathions and of the complex 
phenolphthalein anions. The latter, as previously stated, are red 
and hence — so says the ion theory — the red color of the solution. 

By means of the reactions indicated, the potassium-salt of 
phenolphthalein has been formed. As a rule the potassium salts 
of weak acids are ionized to a greater degree than the acids from 
which they are formed. In consequence, the solution contains 
toward the end of the reaction a greater number of phenolphthalein 
anions and these impart the red color to the solution. 

If a strong acid, hydrochloric acid, for instance, be added to a 
solution of this description, then there would be present in the 
solution : 

Ions from the potassium- salt of phenolphthalein: K* cathions 
and P.P.' anions. 

Ions from the hydrochloric acid : H* cathions and CI' anions. 

The H* cathions would come into contact with the phenol- 
phthalein anions, and as the ionization constant of phenolphthalein^ 
a weak acid, is smaller than that of its potassium -salt, the H* cathions 
and the phenolphthalein anions would recombine to form non- 
dissociated phenolphthalein. These molecules are colorless and 
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in consequence the solution would lose its red color which, it will 
be remembered, was caused by the phenolphthalein anions. The 
solution would again turn colorless. 

Litmus is an acid indicator; azolithmin is its active coloring 
principle. The non-dissociated molecules are red, the anions are 
blue. Addition of a base to litmus results in the formation of 
water and of a more highly ionized salt, and the blue color of the 
anions impart a blue color to the solution. 

Addition of a strong acid to such a solution will cause some of 
the original non-dissociated red molecules of litmus to reform, 
and, in consequence, a red color will again appear. 

If titrations are attempted in very dilate aqueous solutions, then 
the H* cathions and the (OH/ anions of the water will take an 
active part in the reaction. This phenomenon is referred to as 
hydrolytic dissociation, or hydrolysis. 

Hydrolysis is apt to prove a serious cause of disturbance when 
weak acids or weak bases are titrated. In the case of strong acids 
and strong bases, that is to say, with those that are ionized to a 
considerable extent, hydrolysis is a matter of but little moment. 
An example of hydrol3^ic dissociation is afforded by the sodium 
salt of phenol. 

On ionization this yields Na* cathions and phenol C^H^O anions. 
The latter enter into chemical union with the H* cathions of the 
water used as solvent and, as a result, phenol, C^H^OH, is formed. 
This can be distinctly recognized by its odor. The (OH/ anions 
formed by the ionization of the water impart an alkaline reaction to 
the solution.* 

An aqueous solution of cyanide of potassium affords another 
illustration of hydrolytic action. In consequence of such action 
the solution always contains an appreciable quantity of HCy. The 
reaction of the solution is alkaline; this is owing to the presence 
of hydroxyl anions. 

An application of the principles of the ion theory to problems 
of physiological chemistry has led to some very interesting results. 

An accurate determination of the so-called " free" or " physio- 
logically active" hydrochloric acid in the juices of the stomach — 
sought for so long, yet sought for in vain — has practically been 
abandoned. In its stead, the acidity of the stomachic fluid, now 

* K. Arndt, *' Gnindbegriife der allgemeinen physikalischen Cbemie." Berlin, 
1900. 
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looked upon as determined solely by the concentration of the 
hydrogen ions present, can be ascertained accurately by experiment. 

Attempts have recently been made by Rudolf Hober to deter- 
mine the alkalinity of the blood, or, to express it in terms of the 
ion theory, to determine the concentration of the (OH)' anions in 
blood. The results obtained give promise of a successful outcome 
of the quest. 

The role played by uric acid and by the urates in the blood and 
in urine has been subjected to study, from the ion theory point of 
view, by Theodor Paul and by Wilhelm His, Jr. Among other 
things, their researches have shown that the solubility of a given 
salt is decreased also in animal fluids by the presence of another 
salt or of other salts having an ion in common with the salt first 
mentioned. 

Thus, one part of acid sodium urate, NaCgHgN^O, + J^H,0 is 
(at about 15^ C.) soluble in approximately eleven hundred 'to 
twelve hundred parts of water. 

In a physiological solution of common salt, one which contains 
about 7 grammes of NaCl per liter, the solubility of the acid 
sodium urate is reduced to about one in eleven thousand, because 
the ionization of this salt is materially reduced by the presence of 
the Na* cathions from the sodium chloride. 

Lithium and piperazine preparations, the urates of which are 
readily soluble in water, are quite commonly prescribed for uric 
acid affections. 

In view of the facts here stated it seems, at best, doubtful if they 
can prove of great value in eliminating the cause of trouble from 
the system, for it would seem as if they must materially decrease the 
solubility of the urates present instead of assisting in their removal. 

The recent brilliant researches of Professor Albert F. Mathews, 
of the University of Chicago, which involve an explanation of 
nerve and muscle stimulus, of the heart beat, the operation of anaes- 
thetics, the processes attendant upon intoxication, and of various 
other phenomena, may here be only incidentally mentioned. How- 
ever they afford another striking illustration of the applicability 
of the ion conception to various fields of investigation. 

Sufficient has now been said to present a fair outline of the ion 
theory and its teachings from the point of view of its advocates 
and to indicate the good of which it has been productive in many 
and in varied directions. 
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It would, however, be improper to brin^ these brief comments to 
a conclusion without at least a reference to the fact that this theory 
of Arrhenius has, from the start, met with serious opposition from 
many investigators. 

It would furthermore be idle to deny that even to-day quite a 
number of facts are known which can not be explained on the basis 
of its claims and assumptions. 

For one thing, the theory docs not accord sufficient weight to 
tVie part which the solvents play in the formation of so'utions. 
The interesting relations which rest on the interdependence of so- 
lute and solvent still call for much further research and light. 

Numerous thermo-chemical data appear as yet to be at variance 
with the values the theory would seem to call for, its teachings are 
not always valid even for fairly dilute solutions. 

A very notable presentation of the problems which still await 
their solution at the hands of the champions of the ion theory has 
recently been made by Louis Kahlenberg.* 

How widely divergent the opinions of investigators are as yet 
on the merits of this theory may be gleaned from the following 
quotations. 

Louis Kahlenberg {loc. cit.), having acknowledged that research 
along many lines had been profitably stimulated by Arrhenius' 
theory, continues: " Like other theories founded upon too narrow 
a basis of induction, it has gradually been outgrown, the facts are 
too much for it. It would be difficult of course, to say of any 
theory — even of one long ago discarded — that it is entirely worth- 
less, and so the writer has no inclination to make such a statement 
concerning the dissociation theory." 

In 1899, Harry C. Jones, of Johns Hopkins University, wrotet: 
<<Ions are the main, if not the sole factors in chemical activity." 
In a summary of the dissociating power of different solvents which 
was recently published,J he says : 

" We are now in a position to say that most chemical reactions, 
if not all, are reactions between ions, and molecules as such do not 
enter into the reactions at all * ^ ^ the chemistry of atoms and 
molecules has thus given place to the chemistry of ions." 

* The Journal 0/ Physical Chemistry y Vol. V., 1 901, pp. 339-392. 
t**Thc Theory of Electrolytic Dissociation and Some of its Applications." New 
York, 1900 (p. 226). 

{ Amer. Chem, Journal ^ 1 90 1, Vol. 25, pp. 232-249. 
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A NEW METHOD OF TESTING FIRE-RESISTING 
QUALITIES OF FIREPROOFED WOOD.* 

By IRA H. WOOLSON, E.M., M. Am. Soc. M. E. 

The construction of fireproof buildings is literally a " burning 
question " at the present time. If any additional incentive were 
needed to spur the building fraternity to renewed efforts in this 
direction it would be furnished by the list of fearful fires which have 
occurred during the past f6w weeks. Fortunately the gravity of 
this problem was realized here in New York several years ago, and 
the Building Department has conducted a long and very valuable 
series of practical tests upon all sorts of so-called fireproof materials, 
which have resulted in a standard of fireproof building construction 
in this city superior to any in the country. However, the results 
thus far obtained are only relative, and the problem as a whole is 
by no means solved. There are a number of uncertain factors 
which must be eliminated by experience. 

One of the most perplexing of these is the question of the use 
of " fireproof" woods. There are to date five fireproofing processes 
which have been favorably passed upon by the New York Build- 
ing Department (during the preceding administration), the proc- 
esses controlled, respectively, by (i) the American Wood Fire- 
proofing Co., (2) the Electric Fireproofing Co., (3) the New York 
Fireproof Wood Co., (4) the Fireproofine Co., and (5) the Ricinate 
Wood Fireproofing Co. Of these five processes some were ac- 
cepted upon the basis of results obtained from rigid tests, while 
others were accepted upon very insufficient evidence. The proc- 
esses differ widely in character, and, due to this, and also to the 
variations in the wood itself (in its natural condition wood varies 
much in character within the same species, and often in the same 
tree), the products of the different processes are of widely divergent 
values, some being very good, others quite poor. To determine 
just what could in justice be expected of ** fireproof" wood has 
been the troublesome question. 

The New York building code requires that the woodwork in all 
buildings over 12 stories, or 150 ft. in height shall be fireproofed, 

♦The cuts used to illustrate this paper were loaned by the Engineering News of 
New York City in which journal this article first appeared. 
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and it can be safely said that no clause in the building code has 
contributed more generously to destroy the general peace of mind 
of the Building Department, during the past year, than this one. 
In endeavoring to establish a standard, the department has insti- 
tuted a number of investigations, both public and private, to deter- 
mine the relative merits of the different processes. 

It has been the writer's pleasure as a disinterested party to 
conduct a number of these investigations, both for the department 
and for the wood-fireproofing companies, and stimulated by the 
results obtained, as well as by the general paucity of reliable infor- 
mation on the subject, the writer has instituted a series of com- 
parative tests upon his own account in an effort to formulate some 
standard method of testing the wood for fire-resisting qualities, 
which might furnish a fairly accurate measure of value. This 
work has included over 400 separate tests, all carried out within 
the past eight months. 

The present paper deals with a portion of the results obtained 
from these experiments ; it is at best only a " report of progress," 
the data presented, and the methods by which they were obtained, 
being by no means coinplete or conclusive. The only excuse for 
presenting it in this incomplete condition is the very active inter- 
est being taken in the subject just now by engineers, architects, 
builders, insurance companies and the general public, together with 
the demand for some positive method by which the effectiveness 
of a " fireproofing" treatment may be measured. By thus bring- 
ing to the attention of those interested that which has already been 
done, it is hoped that suggestion and criticism may be elicited, 
which may be of service in the continuance of these investigations, 
which the writer has already under way. For the information of 
those unfamiliar with the subject matter it should be stated, that 
the term " fireproof wood " is, in a sense, a misnomer ; for such 
woods will burn in all cases, if exposed for a sufficient length of 
time to a high degree of heat. Strictly speaking, the processes of 
treatment do not make the woods fireproof, but they simply render 
them fire-retardants, and it is only in this way that they becone 
valuable for certain purposes. The question then to decide is, (i) 
what degree of " fireproofness " or fire-resistance in the products 
of the "wood-fireproofing" processes shall be required, and (2) 
after establishing that point, what kind of test shall be employed 
to determine if the specification is maintained. 
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Up to the present time, so far as the writer has been able to as- 
certain, only three methods of testing "fireproof" woods for their 
fire-resisting qualities have been regularly adopted : (I) the build- 
ing tesr, (2) the shavings test, and {3) the splinter test. 

The first-named consists of building a small house, in regular 
form, of the wood to be tested, usually duplicated by a house of 
untreated wood, and then applying a vigorous fire both inside and 
out, and noting results. This method possesses spectacular ele- 
ments which are very convincing, and while it may be useful as a 
general test to demonstrate thedegreeof immunity from fire that a 
wooden building may be made to possess, the heavy expenditure 
of time and money required forsuchatest precludes the possibility 
of employing it for regular series work. 



Flc. 1. Combu5lLon Pan for " Navy Standard " Test. 

Right here it should be remarked that serial tests on fireproofed 
woods are even more necessary for maintaining a standard quality 
than arc serial tests of iron, steel or cement. The results of a fire- 
proof test of a year or two ago should no more be used in purchaS' 
ing lumber for use in a building to-day than the purchase of armor 
plate for a new battleship should be based upon tests made for 
that of the battleship " Oregon." For protection to the purchaser, 
some method of test must be adopted by which a constant check 
can be kept upon the quality of the lumber as it is delivered. 



TESTING FIREPROOFED WOOD, 251 

The shavings and splinter tests adopted by the U. S. Navy aim 
to accomplish this object, but while the tests are useful in deter- 
mining, in a general way, the merits of two or more samples 
of fireproofed woods, it is believed that a consideration of facts 
presented below will convince any one of their unreliability as a 
standard method of test, and the absolute impossibility of obtain- 
ing uniformly accurate comparative results by their use. The 
shavings test is conducted as follows : A pan one foot in diameter 
and about six inches deep is mounted on legs, as shown in Fig. I. 
The bottom of the pan is formed by a heavy wire screen of about 
one-half-inch mesh. This wire bottom is covered with a layer of 
shavings two inches deep and a Bunsen burner is applied under- 
neath until the shavings begin to blaze (usually about 20 to 30 
seconds) ; then the burner is removed and the lengths of time dur- 
ing which the shavings support ( i) flame and (2) glow, are recorded, 
as well as the area of shavings burned. 

The idea at the bottom of this test is that shavings from prop- 
erly treated wood will not support flame any appreciable length of 
time, and that the flame will gradually die out without material 
enlargement of the burned area, when the burner is removed. 

No definite length of time, or sizes of burned area permissible 
are mentioned in the specifications. After making over 100 of 
these tests the writer is convinced that no such limits could be set 
which would be fair at all times. These details must be left to the 
individual judgment of the operator. This introduces a personal 
element, which is unsatisfactory, and which should be avoided in 
any standard test. After the test is finished, the remaining shav- 
ings are thrown away, for there are no means for making a per- 
manent exhibit of the results of the test, except by photographs, 
which would be very difficult to take with uniformity and quite 
unsatisfactor>^ The wood must be accepted or rejected on the 
judgment of the operator, based upon notes taken, while observing 
the test. 

Besides these obvious disadvantages, there are two other very 
strong objections to the shavings test : first, the extreme difficulty 
of always maintaining the same conditions of flame and heat under 
the shavings, and, second, the impossibility of securing a uniform 
quality of shavings for tests. The navy specification calls for the 
use of a Bunsen burner with a flame giving about 5CX)° Cent - 
grade =932° Fahrenheit. Now, Bunsen burners vary consider- 

TOX.. XXTUI.— 18. 
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ably as to the size and kind of flame which they produce, so that 
although every precaution was taken and the same standard tem- 
peratures were determined in each of two flames at some definite 
point, the results of tests upon the same kind of shavings might, 
due to the general variation in the character of the flames, show 
widely divergent figures. Much depends also upon how and 
where the tests are conducted, whether under a smoke hood with 
a mild or strong draft, or in an open room where drafts of air 
could strike the flame and cause it to dance and sway. The f!ame 
of a Bunsen burner is quite sensitive, and experiments made with 
a pyrometer couple held in the flame, have shown that a variation 
of over ioo° was easily obtained by the eflect of a person walking 
briskly about the table on which the experiment was being con- 
ducted. 

The most serious objection, however, to the shavings test, and 
the one which, in the writer's opinion, is fatal to its use as a stand- 
ard method of comparison, is the impossibility of making the 



Fig. 2. Shnrings of treated yellow pine, different fireproofing processes. 

shavings of uniform size and quality. Fig. 2 is a photograph of 
samples of shavings made from yellow pine boards, treated by four 
different " fireproofing " processes. The shavings were all made 
by the same carpenter, with his plane set to the same depth of cut, 
and were made as nearly alike as he could make them. Of these 
four sets of shavings, one is like coarse sawdust and could all easily 
be sifted through a %-\n. mesh sieve. The other extreme among 
the set of four is so coarse that it would scarcely go through a 2- 
in. mesh. Between the two are all gradations. Fig. 3 shows at 
the right a similar set of two specimens of red oak shavings from 
pieces of wood treated by different processes ; the same variation 
in quality of shavings will be noted as in Fig. 2, the shavings in 
one pile being fine and string-like, the shavings in the other pile 
broad and firm. At the left in Fig. 3 are shown two specimens of 



TESTING FIREPROOFED WOOD. 253 

white pine shavings from boards treated both by the same process ; 
again is the wide variation in quality of shavings noticeable, thus 
proving that while the character of the treatment undoubtedly has 
some efTect upon the quality of the shavings, it is not responsible 
for all the trouble. The samples shown in Figs. 2 and 3 are only 
a few from a large collection of shavings of all the common treated 
woods in the writer's possession, but the whole collection shows 
the same great diversity in the character of the shavings. 

It would seem that without further evidence, the inappropriate- 
ness of this test as a standard oi comparison, may be considered 
demonstrated. This rejection of the shavings test as a standard is 
based entirely on the ground that the test could never be ex- 
pected to give reliable or concordant results ; it may be noted, 
however, as an objection of a diSerent character, that no wood in 
the form of shavings would be exposed to fire in the burning of 
the ordinary building, so that it would be extremely difficult to 
properly interpret any results obtained by the shavings test. 



Fio. 3. Shaiings of treated pine and oak. 

The splinter test is made by putting small splinters of the wood 
to be tested upon a plate of iron heated to dull redness, the require- 
ment for " fireproofness " being that they should char but not flame. 
While the test has value in showing the ability of a specimen to 
withstand flaming under such conditions, still the great difficulty 
of getting splinters of a standard shape and size, due to causes 
already mentioned, limits its use to determining this one property. 

It was in an effort to avoid these numerous difficulties that the 
writer devised a new method of test, the " timber test," and em- 
ployed it in making a large number of tests of different treated and 
untreated woods. It is believed that the "timber test " has ac- 
complished the object sought. Experience has shown that certain 
modifications as regards size, temperature or time of exposure may 
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be advisable, but in the main essentials it is thought the test will 
bear the most rigid investigations. 

Specimens i in, square and i ft. long were selected from the 
•ame relative place in each board to be tested. These " timbers " 
were tested in pairs (either duplicates, or comparison pieces from 
two different processes), by being laid across the top of a 6-in. gas 
crucible furnace, shown in section and plan in Fig. 5, in which a 
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Fig. 5. Six-inch gas crucible used for " timber tesi." 

constant temperature of 1,700" F. was maintained. At the end of 
two minutes the specimens were removed, held in the air, and dura- 
tion of ([) flame and (2) glow noted for each. The temperature 
was measured by placing the couple of a Le Chatelier pyrometer 
across the moulh of the furnace, between the two specimens and 
about one-half inch from each. This arrangement gave the tem- 
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perature of the furnace at the point of application of the wood. A 
constant check upon the temperature variations throughout each 
test was obtained by watching the pyrometer needle, but records 
were only made at the beginning and end of each test The initial 
temperature was always the same — 1,700" F but the final tem- 
perature, due to the added heat of the burning wood, was increased in 
varying amounts, according to the variety of the wood under test 
and character of the " fireproofing" treatment The proportions 
of gas and air were regulated to furnish a vigorous flame action to 
height of 6 to 8 ins, above the furnace, thus imitating an ordinary 
fire. The particular temperature of i ,700" F. was chosen because 
it is the one given by the New York Building Code as approxi- 
mately that of a burning building. 

After the tests the specimens were sawed in two transversely at 
the middle of the length of each, and tracing? were made of the 
outline of the section of unburned wood remaining. The ar-eas of 
these tracings were then very carefully measured by a planimeter, 
and the percentage ratios to the original cross-section of the stick 
(I sq. in.) were calculated. Fig, 4 is a photograph showing the 
general appearance of specimens after test, and after cutting in 
two. The exhibit embraces both treated and untreated wood, and 



Fir. 4. Sampler or treated and untreated woods, tested ibr lire-resisling qualities 
by '• limber" test. G, ash (treated) ; H, white pine (treated) ; J, white pine (im- 
treated); K, while ash (treated); L, white piae (antreated) ; M, red oak (un- 
treated) ; N, red oak (treated). 

attention is directs! to the fact that, in all cases the treated wood 
remains intact on the upper side, or side not directly exposed to 
the fire. (In Fig. 4, all samples shown have their bottom faces 
turned up, (, e., they rest upon the face which was at the top while 
the specimen was being tested.) This leaves the top surface of the 
tested samples of treated wood with a straight line in the cross- 
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section, whereas the samples of untreated wood were burned on 
all sides; a piece of soft wood, like the white pine shown aty or 
Z, has only a small portion of solid unburned material remaining 
at the center. 

Fig. 6 shows a group of characteristic tracings of cross-sections 
of tested " timbers/' illustrating the method of making a perma- 
nent record of the effect of tests. The tracings shown in Fig. 6 
are average results obtained from various species of wood, treated 
by different «* fireproofing " processes, and also in their natural un- 
treated condition. They illustrate good, bad and indifferent " fire- 
proofing " treatments, and are fair examples of the practical opera- 
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Fig. 6. Results of ** timber " test for fire-resisting qualities of various woods treated 
by different fireproofing processes. 

tion of the test under the conditions stated. It will be noted that 
the processes are not given by name, but are marked by reference 
letters, A, B, C, D and E. This was done because the samples 
under some of the processes were taken from regular commercial 
stock, while those under the other processes were especially pre- 
pared for test ; a direct comparison between them would therefore 
be unfair, although it may be remarked that in most instances 
little difference was noticed between the behavior of the two kinds 
of samples. 

Referring to Fig. 6, the square outline indicates the original 
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cross-section, always i in. on a side ; the black portion shows the 
part burned to charcoal, while the remaining solid wood is left 
white ; the percentage figure marked on each diagram gives the 
ratio of the unburned area to the original area of cross-section. 
The tendency of the untreated specimens to burn on all sides is 
evident in each variety of wood. In the case of yellow pine it 
will be noted that the two untreated samples gave better tests than 
some of the treated specimens. In the absence of other confirma- 
tory tests, it is impossible to determine with certainty the cause for 
this, but it is supposed to be due partly to the pitchy character of 
the wood, and partly to an excessive treatment which injured the 
wood fiber, thus aiding disintegration. 

In general the untreated wood showed a cross-section area loss 
approximately 15 to 25 per cent, more than the treated samples. 
However, the value of a " fireproofed " wood cannot be rated by 
this feature of the test alone. Account must be taken of the tend- 
ency to ignite and support combustion. This is indicated by the 
duration of flame, and the duration of glow, after the specimen is 
removed from the fire. 

The accompanying table gives a summary of tests on difTerent 
kinds of wood. It is by no means complete or conclusive, but it 
illustrates the data obtained in regard to the different fire-resisting 
properties of the wood, and the general relation between treated 
and untreated material. 

In every instance the contrast in time of flame and time of glow, 
between the treated and the untreated wood, is very marked. In 
the case of yellow pine the average duration of flame, for the 10 
specimens given, was about 14 seconds for all processes, while 
the average for 8 specimens of untreated wood was 2 minutes, 
or a ratio of about i to 10. In the case of white wood, the aver- 
age flame for treated wood was 4 seconds, and the average for 
untreated wood was 2 mins. 48 seconds, or a ratio of I to 42. 
All the woods show approximately the same conditions, both in 
flame and glow. 
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This measure of the property of supporting combustion is 
equally as important as the determination of the percentage of 
unburned area, for in the first stages of a fire minutes of prevention 
are worth hours of cure. The question of the time and tempera- 
ture necessary for actual ignition is also important, and one upon 
which little information is at present obtainable. The writer has 
some ideas as to a proper method of measuring this property which 
he hopes to exploit in the near future along with the other work. 
At present he is greatly handicapped by the lack of necessary 
assistance and funds to prosecute such investigations. Experi- 
mental work of this character requires much time if it is to be done 
thoroughly, and if it is worth doing at all it is worth doing well ; 
it involves, further, a considerable expense in the preparation of 
specimens, drafting and other work. 

A snrall variation in unburned cross-section area must be allowed 
on account of structural dififerences in the wood. Experience thus 
far indicates that 5 per cent, is ample for the best processes, and in 
many instances the variation between a number of duplicate speci- 
mens would not exceed 2 or 3 per cent. 

Besides the varieties of wood given in this table, numerous tests 
have also been made upon maple, cherry, mahogany, black ash, 
spruce, etc., but those given are sufllicient for the purposes of this 
paper. As oak is so largely used for interior finish it is a matter 
of regret that more data can not be given in relation to that spe- 
cies. A large number oT tests on oak and spruce now almost 
completed are, unfortunately, not far enough along to be available 
for this paper. 

White oak and long leaf yellow pine are essentially •* slow- burn- 
ing " woods, and from the results of preliminary tests made upon 
untreated and treated samples, it is quite possible that further 
investigation will show that so far as preserving the structural 
strength of the material in a fire is concerned, it may not be at all 
necessary to treat these woods to the center of the piece, particu- 
larly where thicknesses of over 2 ins. are employed. A surface 
treatment would probably always be desirable, for reasons already 
mentioned. The lighter and more porous woods should be treated 
throughout, and tests should always be made to determine the 
degree of interior treatment, for there seems to be considerable 
variation in different processes in this particular. 

Briefly stated, the advantages of the method of test presented in 
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his article are : (i) A test piece of uniform size, large enough for 
practical comparisons, and small enough to enable numerous tests 
to be made with slight waste of material, thus ensuring a fair aver- 
age report ; (2) a constant temperature and uniform time of appli- 
cation of the heat; (3) an estimate of the tendency to support 
combustion as indicated by the times of flame and glow ; (4) the 
ability to accurately measure the amount of burn, and to make a 
drawing of the same for permanent record — the specimen itself can 
also be easily preserved for future reference if desired. In brief, 
every element of the test is constant except the character of the 
wood and the treatment it has received, and necessarily these must 
always remain variable. The first of these can be estimated to a 
close approximation by a sufficient number of tests upon untreated 
samples, and the latter must be determined by the test itself. 

In conclusion, attention is called to the fact that there are other 
important qualities of ** fireproof" wood which should receive 
thorough investigation parallel with tests of its " fireproofness," 
for instance, the effect of the chemicals employed in the treatment 
upon nails, screws and metal fittings, also the tendency of these 
chemicals to deliquesce, and cause the wood to gather moisture 
during damp weather (this is found to be quite objectionable with 
some treatments) ; the effect of the treatment upon paints should 
also be studied. The question of permanency is another important 
matter ; that is, whether the chemicals used are stable or whether 
they will evaporate or decompose under atmospheric conditions, so 
as to leave the wood in time without the protection originally given. 

It is generally conceded that fireproofing processes have a tend- 
ency to make wood brittle, and lessen its strength, but for ordi- 
nary uses this is not sufficient to be objectionable ; in this day of 
steel construction, wood is seldom called upon to sustain much 
weight. The writer has made a number of tests for strength, and 
has data from many similar tests, all of which indicate that the 
wood is not seriously injured by treatment. It must be stated, 
however, that in most cases there is no evidence that the wood 
tested for strength had been treated to a proper degree of '* fire- 
proofness." It is a fact that over-treatment or undue haste in treat- 
ment does injure the wood fiber materially. In some instances 
which have come under the writer's observation, the injury has 
been so great as to practically ruin the wood. The test for strength 
should, therefore, be made in connection with the fire test in order 
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to keep the proper balance between full treatment and over-treat- 
ment. 

Another point should be taken into consideration, namely, 
whether the wood when attacked by fire and forced to burn, would 
give off obnoxious fumes. With wood treated by one process of 
those which the writer has tested the gases and smoke given* off 
during combustion were so suffocating that it is doubtful whether 
a fireman could exist in a room where this material was burning. 
Fortunately, this fault does not appear to be general with wood- 
" fireproofing " processes. This same defect of obnoxious fumes, 
the writer has found existing in some fireproof partition materials 
when subjected to intense heat. It should receive proper consid- 
eration when determining the value of such mixtures, for although 
they may not burn, still when other things about them are burning, 
if they give off suffocating gases sufficient to prevent free action 
of the firemen, their value is thereby depreciated unless it may be 
proved that the gases so released by heat are themselves fire re- 
tardants. The U. S. Navy has made extensive and valuable inves- 
tigations in connections with some of these questions, particularly 
as regards strength tests parallel with fire tests, but much still 
remains to be done. 

As stated in the early part of the present paper, the all-impor- 
tant question confronting the public to-day in reference to this 
subject is : what is fireproof wood ; in other words, what de- 
gree of fire-resistance shall be accepted as sufficient and equable 
between manufacturer and purchaser ? This question is not easy 
of solution, and will require much careful investigation before it is 
satisfactorily solved. 

As the final answer must necessarily be more or less arbitrary, 
it should not be decided by the opinion of any one or two men. 
It should be formulated from the consensus of opinion of some 
committee composed of manufacturers of fireproof wood, building 
commissioners, insurance underwriters, and other experts whose 
judgment would be of value in this connection. A decision from 
such men based upon full and careful investigative work would 
remove the uncertainty which now exists, and place the matter on 
a scientific basis. 

In view of the awful losses of life and property by fire which 
are constantly occurring, the question is of vital importance to all 
civilized humanity, and no effort should be spared to learn all that 
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may be learned in regard to anything which will tend to lessen our 
frightful fire calamities. 

Note. — ^Since this article appeared in the Engineering News^ 
the suggestion so strongly urged by the writer that some con- 
certed action should be taken to establish a standard test for 
fireproof wood, has been acted upon. A public meeting of inter- 
ested people from Boston, Philadelphia and New York, was recently 
held in the latter city and a committee appointed to thoroughly in- 
vestigate all methods of testing fireproofed wood and decide upon 
a standard. The writer was selected to conduct the fire tests and 
has begun preliminary investigations. 

All proposed methods for making fire-tests will be as thoroughly 
exploited as resources and opportunity will permit, and it is hoped 
that some simple test of the fire-resisting qualities of a treated 
wood may be found which will give a just measure of its value, 
and thus do away with much of the uncertainty existing at the 
present time. 

Parallel with the fire tests, chemical tests and strength tests will 
be made upon the same material, the former by Dr. Chas. F. Mc- 
Kenna and the latter by Prof. Collins P. Bliss, of New York Uni- 
versity. 



THE DEVELOPMENT OF ELECTROCHEMISTRY. 

By R. H. JOHNSTON. 
(Contribution from the Department of Industrial Chemistry.) 

Early in 1800, Volta wrote a letter to an English scientist de- 
scribing his newly invented pile. The information having been 
communicated to Nicholson and Carlisle, they immediately con- 
structed one according to Volta's description. In May of that 
year they decomposed water into its constituent gases by the cur- 
rent from this pile. We may consider this experiment as the 
beginning of electrochemistry — a science which, in its applica- 
tions, has recently attained considerable importance. 

Nicholson and Carlisle having published the results of their 
experiments, many men of science turned their attention to this 
fascinating branch of investigation. Before the end of 1800 Crui- 
shank performed a series of experiments which are worthy of con- 
siderable attention. He passed the current from a Voltaic pile 
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through solutions of lead acetate, copper sulphate and numerous 
other salts and, as a lesult of his observations, he formulated the 
principle that metals are liberated from their solutions at the same 
electrode (to use a term introduced later) as hydrogen. He noted 
that the other electrode — " the wire connected with the zinc ex- 
tremity of the pile *' — was attacked if made of a base metal, but 
that, if made of gold, oxygen was there evolved. Cruishank fur- 
ther remarked prophetically that the " galvanic influence " might 
be used with success in the analysis of minerals. 

The next few years were fruitful as regards the production of 
theories to explain electrolysis, but no substantial advance was 
made until 1807. In that year Davy discovered the elements 
potassium and sodium, having isolated them by electrolysis of fused 
caustic soda and caustic potash. Moreover, he then predicted that 
bar)ta and lime could be similarly decomposed, but he was unsuc- 
cessful in his attempts to do so. 

Berzelius, the great Swedish chemist, who had taken much 
interest in Davy's work, succeeded in 1808 in obtaining the amal- 
gams of barium and calcium by the electrolysis of baryta and 
lime, respectively, in the presence of mercury. Davy, having 
learned of this method of procedure, in the same year obtained the 
amalgams of strontium and magnesium, although he was unable 
to obtain the pure metals. 

Thus in the first decade of the nineteenth century, through the 
employment of the electric current to efTect chemical reaction, 
potas>ium, sodium, barium, calcium, strontium and magnesium 
were added to the list of the known elements, and many fallacious 
chemical notions were overthrown. 

No further progress was made until the great Faraday turned 
his attention to the subject. As a result of his investigations he 
promulgated, in 1834, his famous laws on the quantitative relation- 
ship between the amount of current and the amount of chemical 
reaction thereby produced. Besides these important laws, which 
are fundamental in the science of electro-chemistry, we are in- 
debted to Faraday for the nomenclature of the subject. 

Theories of Electrolysis. 

And now let us consider the theories which have been advanced 
to account for electrolysis. The hypothesis of Grotthus, ofTered 
in 1803, was quite sufficient to cover the facts then known. Grot- 
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thus supposed that when the current is flowing one electrode is 
charged positively and the other negatively. 

The molecules of the electrolyte, copper sulphate, for example, 
become polarized and arrange themselves in order, the Cu being 
positively charged and the SO^ negatively charged. Therefore, he 
reasoned, the copper ions point toward the cathode and the sul- 
phions toward the anode. Consider a single row of molecules 
from electrode to electrode. The copper atom in the molecule 
nearest the cathode has its charge neutralized, and is liberated as 
metallic copper. The sulphion, SO^, thus released, instantaneously 
combines with the Cu of the next molecule, and a similar exchange 
takes place all along the line, till at the anode, the last SO^ having 
no Cu atom with which to combine, either unites with the anode 
or enters in combination with the water used as a solvent. 

For a long time this hypothesis was generally accepted. But 
the investigations of Hittorf, in 1853 and the succeeding years, 
showed that this hypothesis did not completely cover the phe- 
nomena of electrolysis. Hittorf demonstrated by experiment that 
the anion and the kation travel with different velocities. Thus he 
exposed the fallacy of the hypothesis of Grotthus, which assumes 
equal rates of migration for the anion and the kation. 

In 1857 Clausius advanced a theory more in harmony with mod- 
ern ideas. He supposed the molecules in a solution to be continu- 
ally in motion. The molecules traveling about collide with one 
another, and in these collisions there frequently occurs an exchange 
of ions between neighboring molecules. On passing a current 
through the solution, the exchanges, instead of taking place in an 
irregular manner, are directed in definite directions, the positively 
charged ions being attracted toward the cathode and the negatively 
charged toward the anode. Therefore, according to this theory, 
the current does not cause the decomposition of the molecules, 
but simply guides these ions, momentarily free, so that their motion 
is in the direction of one of the oppositely charged electrodes. 

The most recent theory is that advanced in 1887 by the Swedish 
scientist Arrhenius. According to this theory, some of the mole- 
cules of a dissolved electrolyte are, by the mere process of solu- 
tion, already dissociated into ions, the degree of ionization increas- 
ing with increased dilution. The investigations which led up to 
this theory are of considerable interest. 

In 1877 Pfeffer published a paper giving the results of hi^ la- 
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borious researches on the osmotic pressures which dissolved sub- 
stances exert against the pure solvent. As his work was carried 
on solely as a biological research, he did not indicate its bearing 
on any chemical or physical problem, but the data which he col- 
lected were of the greatest service to later investigators. De Vries, 
in 1884, as the result of osmotic experiments, found that equimo- 
lecular solutions exhibit equal osmotic pressures. Hence, he con- 
cluded, that the magnitude of the osmotic pressure is conditioned 
only by the number of molecules in solutions. 

Van't Hoff, in 1887, pointed out for the first time the relation 
between gases and dilute solutions. He demonstrated from Pfef- 
fer's results that the osmotic pressure is proportional to the con- 
centration and to the absolute temperature. He further showed 
that the osmotic pressure of a dilute solution is the same as the 
gas-pressure of a gas at the same temperature, containing the same 
number of molecules in unit space as there are molecules of the 
dissolved substance in unit volume of solvent. 

Thus he had shown that the three laws governing gas-pressure 
— the laws of Boyle, of Guy Lussac and of Avogadro — apply to 
osmotic pressure. But he found that the osmotic pressures of a 
large class of substances do not conform strictly to these laws. 
The exceptions included all substances whose solutions conduct 
the current. For all such substances he found the osmotic pres- 
sure greater than that calculated from the gas laws. 

Arrhenius suggested that this increased pressure was due to the 
fact that some of the molecules had dissociated. He justified such 
a radical hypothesis by calling attention to the fact that many gases 
show apparent variations from Avogadro's law, and that this vari- 
ation is generally explained by assuming that such a gas under- 
goes dissociation. 

In working out his theory, Arrhenius reasoned as follows : The 
osmotic pressure is proportional to the number of ultimate particles 
in solution. If a dissolved substance exhibits a pressure greater 
than that calculated for it in its normal condition, the increased 
pressure is due to an increase in the number of ultimate particles. 
This increase can come about only through the dissociation of 
some of its molecules into ions. 

The process of electrolysis according to this theory is as follows: 
On the passage of a current through an electrolyte, such as the 
aqueous solutions of a metallic salt between two insoluble elec- 
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trodes, the cations carrying positive charges flow to the cathode 
and there give up their charges, thereby becoming ordinary mole- 
cules and appearing at the surface of the cathode as metal, or as 
the product of the action of this metal on water. Similarly the 
anions carrying negative charges flow to the anode and there give 
up their charges, appearing as ordinary molecules, or as the prod- 
uct of their action on water. The function of the current is to 
neutralize the charges thus given up at each electrode ; and to al- 
low the ions thereby to assume their ordinary molecular condition. 

Naturally a theory embodying such radical conceptions met with 
great opposition. Chemists are reluctant to accept the idea of, for 
example, free Na and CI in a solution of sodium chloride. More- 
over, objection was made that the theory rested on a rather slender 
experimental foundation. Nevertheless, the theory is gradually 
being accepted by scientists. It furnishes a satisfactory explana- 
tion of many phenomena, and its very able exponents have ad- 
duced much evidence tending to establish the theory. 

Fortunately the commercial applications of electro-chemistry 
can be intelligently considered without regard to the theories as to 
the exact manner in which electrolysis proceeds. Some of the 
more important applications will now be separately considered. 

Electroplating and Electrotyping. 

In 1839, Spencer and Jordan of England and Jacobi of St. 
Petersburg almost simultaneously described their experiments in 
obtaining electrotypes. Jacobi published a method of converting 
into relief, by galvanic means, even the finest lines engraved upon 
a copper plate, thus producing a plate which could be printed from. 
Jordan set forth a method of multiplying engraved plates, etc., by 
forming a matrix of the object and using the " negative " copy thus 
obtained to reproduce the original form. Spencer in addition to 
describing similar experiments, showed how objects of wood or 
other non-conductive substances could be plated with copper if 
they were first coated with a film of bronze powder or gold-leaf. 

The application of the art to the requirements of the printer was 
made possible, in 1840, by Murray's discovery that moulds of non- 
conducting material could be made to take the deposit of copper, 
by brushing them over with graphite. In the same year, Wright 
found that it was possible to plate with gold and silver by deposit- 
ing them from solutions of their alkaline cyanides. 
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For many years all attempts to plate with nickel were unsuc- 
cessful. Adams, of Boston, who investigated this subject in 1869, 
found that the failure was due to the presence of traces of nitric 
acid in the plating solutions. He showed that if this impurity was 
removed, nickel plating was perfectly feasible. Since that time, 
no notable advance has been made in the art of electroplating. 
The actual process of plating is too well known to need descrip- 
tion. 

However, the Cowper- Coles process of making parallelic reflec- 
tors for search-lights, in which process electroplating finds a 
unique application, is worthy of some attention. A convex glass 
form is prepared of the desired shape. This is then given a thin 
coating of silver by chemical means and then copper is plated over 
it to any desired thickness. The whole is then placed in water 
which is heated and the metallic reflector then separates them from 
the glass, owing to the enequal expansion of the two. The reflec- 
tor is next plated with a thin coating of palladium and, after 
polishing, is ready for use. This process seems to work very satis- 
factorily, plants having been established in both England and the 
United States. 

Metal Refining. 

In 1836, Becquerel planned works for the treatment by electrol- 
ysis of minerals containing copper and silver, but needless to say, 
the works were never erected owing to the prohibitive expenditure 
of battery zinc involved in the process. But with the advent of a 
practical dynamo, in the later years of the sixties, reflning by elec- 
trolysis was made commercially possible. 

The first patents bearing on the electrolytic refining of copper 
were taken out by Elkington, of Birmingham, in the year 1865 and 
1869. ' The process therein described exhibits all the essential 
features of the method in use to-day. In 1870 the Swansea works 
erected by Elkington started up. In the next few years, several 
small refineries were built in Germany and France, and finally, in 
1879, the first works in the United States were started at Phoenix- 
ville. New Jersey. 

For the next ten or fifteen years most of the development in the 
electrolytic refining of copper took place in Europe and much of 
the copper produced in this country was refined abroad. But with 
the opening of the Boston and Montana refinery in 1893, the 
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Guggenheim works in 1895, and the great Anaconda refinery in 
1896, the conditions of the industry changed completely. 

There are now eleven electrolytic copper refineries in this coun- 
try. Their product for 1900 was estimated as 210,000 tons, or 
about four-fifths of the total copper production of the country. 
The refining of copper is by far the most important industrial appli- 
cation of electrochemistry. This method of refining owes its suc- 
cess to two great advantages; first, the copper deposited is par- 
ticularly fine, and secondly, all of the gold and silver in the crude 
copper is left behind in the anode sludge from which it is easily 
recovered. From the copper treated in this country in 1899, 
19,400,000 ounces of silver and 174,000 ounces of gold were re- 
covered. In other words one-third of the silver produced in this 
country in that year was derived from copper ores. 

In the actual process of refining the anodes are of crude copper, 
about 98 per cent, pure cast into plates of convenient size. The 
cathodes are thin sheets of the pure metal. The electrolyte is a 
solution of copper sulphate which is kept in constant circulation. 
As the energy expended in depositing the copper on the cathode 
is balanced by the energy furnished by the copper of the anode 
going into solution, it is evident that little external energy need 
be supplied other than that expended in overcoming the resistance 
of the electrolyte. 

There are two variations in the process. By the usual system, 
the '' multiple " system,' the plates in each vat are alternately anode 
and cathode, all the anodes being connected in parallel and all the 
cathodes in a similar manner. The Anaconda refinery is a typical 
one employing this system. The plant has i ,400 vats, each 8 feet, 
by 5 feet by 3^ feet deep and containing 880 gallons of sulphate 
solution. In each vat there are twenty cathode plates and nine- 
teen anode plates, the latter weighing, when new, 8,200 pounds. 
The drop of voltage across each vat is but .3 volt. The current 
used is 4,000 amepres, corresponding to a current density of 13 
amperes per square foot, and 210 pounds of copper are deposited 
in each vat in twenty- four hours. 

In the Hayden, or " series" system, in use at the large refinery 
at Baltimore, the plate at one end of the vat is the anode, that at 
the other end, the cathode. The intermediate plates of crude cop- 
per act as anode on one side and cathode on the other. Thus the 
impure copper is dissolved from one side of the plate and on the 
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other pure copper is deposited. Finally, the plates are entirely 
converted into pure copper and are removed from the bath. The 
" series " system is practicable only when the crude copper is of 
very high grade, so that it can be rolled into thin sheets and uni- 
formly attacked in the refining-vat. 

The copper electrolytically refined is about 99.93 per cent pure. 
As the deposited copper exhibits a slight crystalline structure it is 
generally melted and re-cast before being placed on the market. 

Elmore has devised a process whereby the copper is deposited 
in the form of tubes ready for use. The copper is deposited on a 
slowly rotating steel mandrel and the freshly deposited surface is 
continuously furnished by an agate burnisher which travels to and 
fro along the length of the mandrel. Each layer of metal being 
thereby compressed, the resulting tube possesses great density and 
solidity. The surface of the steel mandrel is covered with plum- 
bago to prevent the too close adherence of the copper, and to 
allow the finished tube to be readily removed. The companies 
exploiting this process have met with a limited degree of success. 

A great desideratum in any refining process is to secure a rapid 
output. At present the usual current density in copper refining is 
10 to 20 amperes per square foot Cowper-Coles proposes to use 
a current density of 200 amperes per square foot by depositing 
the copper on rapidly revolving drums. He claims that the fric- 
tion between the revolving cathode and the solution will result in 
burnishing the copper, giving it great solidity. When a coat of 
copper sufficiently thick has been deposited, it can be cut off in 
sheets ready for use without recasting. This process has not 
passed beyond the experimental stage. 

The refining of silver in such a manner that the small quanti- 
ties of gold associated therewith may be recovered is another 
process which is very satisfactorily accomplished by electrochem- 
ical means. 

In such a process it is not necessary to obtain the deposited 
metal in sheet form, as silver in crystals is readily melted into bars. 
The important consideration is to secure a rapid output, owing to 
the great value of the metals treated. Therefore as high current 
is employed as is possible without carrying over the impurities 
from the anode or unduly heating the electrolyte. A high current 
density being used, the silver crystals would soon form short cir- 
cuits by bridging over from cathode to anode, if some means were 
not employed to remove the crystals as fast as they are formed. 
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These fundamental principles were first recognized and com- 
mercially applied by Moebius, who in 1884 and 1895 patented 
the only forms of apparatus now in use. 

In the older Moebius process, a fork-shaped scraper travels back 
and forth across the cathode, a prong on either side breaking off 
the deposited crystals. These crystals fall to the bottom of the 
vat into linen receptacles, which can be lifted from the vat from 
time to time and the silver crystals collected. The anodes of crude 
silver are enclosed in bags of filter-cloth, to catch any particles of 
gold which may be disengaged. This process was put into opera- 
tion in 1886 at the plant of the Pennsylvania Lead Company, near 
Pittsburg. Two German refineries also employ the process. 

The new Moebius system was installed at the Guggenheim 
works, at Perth Amboy, in 1895, and at the Globe Refinery, in 
Denver, in 1898. This differs from the older process in the re- 
spect that the cathode is an endless moving band of silver, one- 
third of an inch in thickness. It deposits its silver on another 
traveling band, from which it is scraped outside the vat. 

With both forms of apparatus the electrolyte is silver nitrate, to 
which nitric acid is added from time to time. The silver refined 
by this process is 999 to 999)4 fine. In fact, the bullion to be 
exported is first melted up with a little copper, as the English 
buyers refuse to recognize a greater degree of purity than 998. 

At two establishments in Germany and at the Philadelphia mint 
gold is electrolytically refined by the Wohlvvill process. The 
anodes are of gold already reasonably pure, and the cathodes are 
thin sheets of pure gold. The electrolyte is a mixture of the so- 
lutions of auric chloride and sodium chloride, and is maintained at 
a temperature of 60° C. to 70° C. A current density of 100 am- 
peres per square foot is used, thus securing a rapid output. The 
platinum and other ** impurities" are dissolved at the anode, but 
are not deposited at the cathode. Thus gold of a purity of 999.8 
is obtained. At intervals the platinum is recovered from the elec- 
trolyte by precipitation with ammonium chloride. 

Nickel is electrolytically refined at two or three plants. There 
are numerous well-known difficulties attendant on such a process, 
and in just what manner these have been surmounted has not been 
disclosed. 



DEVELOPMENT OF ELECTROCHEMISTRY. 271 

Process of Extraction. 

Electrochemical processes of extracting copper from its ores 
have been unsuccessful. The first experimenters in this field en- 
deavored to apply the methods of refining to the process of ex- 
traction. An elaborate and costly trial, given to the Marchese proc- 
ess in 1885, proved the impractioability of this procedure. The 
anodes were cast of copper matte, containing about equal propor- 
tions of copper, iron and sulphur. The cathodes were of pure 
copper, and the electrolyte a solution of iron and copper sulphates. 
Among the numerous difficulties causing the immediate abandon- 
ment of the process were the irregular attack on the anode, caus- 
ing its disintegration and the increasing resistance in the vat, due 
to the coating of sulphur left behind at the anode. 

In the processes next devised the metal is extracted from the 
ore by a suitable solvent, and the solution is then electrolyzed with 
an insoluble anode. Two such processes were contrived in 1887, 
one by Siemans and Halske, the other by Hoepfner. 

In the Siemans- Halske process the ore is first roasted and then 
leached with a solution of ferric sulphate. The copper is thereby 
dissolved, and the solvent is reduced to ferrous sulphate as follows: 

CujS + 2Fejj(SO,)3 = CuSO, + FeSO, -h S. 

The solution — the mixture of ferrous and cupric sulphates — being 
submitted to electrolysis, the copper is deposited to the exclusion 
of the iron. 

The anodes are made of carbon and a porous diaphragm is used. 
The solution is fed first to the cathode compartments. Having 
circulated through all of these, it consists mainly of ferrous sul- 
phate, the copper haying been deposited. The solution is then 
circulated through the anode compartment and is oxidized back to 
ferric sulphate. It is then conducted back to the leaching vats to 
extract more copper. 

At first sight such a process seems perfectly feasible, but in actual 
operation numerous difficulties were found to occur which rendered 
it unprofitable. The ores had to be crushed exceedingly fine, and 
even then an approximately complete extraction of the metal was 
very uncertain. Moreover, the use of a diaphragm was inherently 
a bad feature, as its life was limited, and it increased the resistance 
of the bath. Other difficulties of manipulation also presented them- 
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selves. The Hoepfner process, in which a mixture of chlorides was 
used as a solvent, likewise proved a failure when given a commer- 
cial trial. 

Gold. 

In the cyanide process of treating gold ores, the electrolytic 
process has been employed witli great success. The extraction of 
gold from its ores consists in acting on them with a solvent which 
will not appreciably attack the non-auriferous part of the ores. 
The usual solvent, mercury, is not adapted for these ores in which 
the gold occurs in fine particles, for it then floats away without 
coming into contact with the mercury. For this class of ores the 
cyanide process is peculiarly adapted. 

The pulverized ore is leached with a weak solution of potassium 
cyanide, the gold being dissolved according to the equation : 

4Au + 8KCN + 20 + H,0 = 4AuKCN, + 4KOH. 

The method first employed for recovering the gold from the cyanide 
solution was precipitation with metallic zinc. As a substitute for 
the zinc-precipitation method, Siemans perfected a process for the 
electrochemical deposition of the gold from the cyanide solution. 
In 1894, the first plant employing the Siemans process was erected 
at the Worcester mine near Johannesburg. Its operation was so 
successful that many of the other South African companies soon 
adopted the electrochemical method of recovery. 

The cyanide liquor is electrolyzed between a thin sheet-lead 
cathode and an iron anode. A current density of .05 ampere per 
square foot is used, and a constant circulation of the electrolyte is 
maintained. The iron anode is attacked, forming Prussian blue, 
but this action takes place but slowly and does not seriously inter- 
fere with the efficiency of the process. 

It is an interesting fact that in many of the plants which continue 
to employ the zinc-precipitation method, it has been found advan- 
tageous to coat the zinc with lead by dipping it in lead acetate. 
Each strip of zinc thus acts as a voltaic couple, producing electro- 
lytic effects. 

Lead. 

At the plant of the Electrical Lead Reduction Company at 
Niagara Falls, spongy lead is produced from galena. The galena 
is powdered and placed in lead pans. These pans are so arranged 
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in nests that the bottom of each pan and the galena within act as 
cathode, and the under side oP the pan placed above it acts as anode. 
The electrolyte is dilute sulphuric acid. The hydrogen liberated at 
the cathode reacts with the galena as follows : 

PbS + H3=H,S + Pb. 

The hydrogen sulphide and the oxygen set free at the anode are 
conducted away and converted into sulphuric acid. The spongy 
lead which results from the reduction is either pressed into plates 
for storage batteries or roasted to form litharge. 

Aluminium. 

In 1854, Deville, Professor of Chemistry in the l^cole Normale 
at Paris, succeeded in obtaining metallic aluminium by electrolyz- 
ing the fused double chloride of aluminium and sodium. As the 
only source of electrical energy then available was the primary 
battery, Deville saw the hopelessness of a commercial application 
of his discovery and, therefore, he turned his attention to the purely 
chemical methods of preparation in which likewise he was the 
pioneer. During the period 1861-1885, a number of electrolytic 
processes were patented which resembled one another in the re- 
spect that they all contemplated the electrolysis of a fused halogen 
salt of aluminium. They differed in the respect that in some, cryo- 
lyte was to be used, in others, a mixture of the chlorides or fluorides 
of aluminium and sodium. Moreover each inventor had his pecu- 
liar notions as to the method of heating, the arrangement of elec- 
trodes and other details. Some of these processes were given a 
short commercial trial but they could not successfully compete 
with the chemical process of reduction with metallic sodium. 

In 1885, the Cowles Brothers patented their process of reduc- 
tion of alumina with carbon in the electric furnace, in the presence 
of another metal with which the liberated aluminium forms an 
alloy. As the sole function of the electric current is, in this proc- 
ess, to supply the luat necessary for the reaction, its consideration 
does not properly fall within the scope of this paper. 

In 1886 Hall devised a process for the electrolysis of alumina 
dissolved in a bath of fused fluorides. When Hall applied for a 
patent, the Patent Office authorities declared an <' interference " 
with an application made by Heroult of France. Therefore we 
may conclude without further evidence, that the Hall and Heroult 
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process are identical in principle. Hall was finally granted the 
patents for this country and Heroult^.who had made an earlier ap- 
plication in the European countries, received the patents abroad. 

The Pittsburg Reduction Company was organized to exploit the 
Hall process. A plant was erected near Pittsburg, and in 1888, 
the aluminium made by the process was put on the market. The 
company was successful from the start and on the completion of 
the Niagara Falls power plant, the business was moved to that 
place. The company has won several law suits involving the valid- 
ity of their patents and, therefore, they have a monopoly in this 
country, of the manufacture of aluminium until .1906, the date of 
the expiration of Hall's patents. 

The actual manufacture as conducted at Niagara Falls has been 
described as follows: "The vessels employed in the making of 
aluminium are rectangular iron boxes thickly lined with carbon 
and exhibiting a cavity in the carbon about 45^ feet long by 2^ 
feet wide and about 6 inches deep. The carbon lining constitutes 
the cathode. The anodes, forty in number, four rows of ten, con- 
sist of carbon cylinders about 3 inches in diameter and 18 inches 
long when new. They are supported above the pot, dipping into 
the bath of fused fluorides. No external heat is employed, the 
heat developed by the resistance to the current being all that is 
necessary to maintain fusion. Alumina is added from time to time 
as required. The process proceeds quietly day and night. The 
yield is about 100 pounds aluminium per pot every twenty-four 
hours." 

The solvent used consists of about three parts by weight of 
aluminium fluoride, one part of sodium fluoride and one of calcium 
fluoride. This dissolves about 20 per cent, of its own weight of 
alumina. The fluorides are not aflfected but the alumina(Al,0,) is 
decomposed. The liberated oxygen attacks the carbon anodes, 
which are gradually consumed. The molten aluminium is tapped 
ofT at intervals. 

The meagre statements describing the workings of the Heroult 
process indicate that it differs from the above but slightly. Not 
much was done abroad under the Heroult patents until after the 
success of the Pittsburg Reduction Company in this country, when 
several plants in Europe commenced manufacturing aluminium 
by this process, and by i89i,the establishments manufacturing 
the metal by the old chemical process were driven out of the field. 
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At present there are nine works in the world engaged in the 
manufacture of aluminium under the Hall or Heroult patents. 
The Pittsburg Reduction Company operates two plants at Niagara 
and has recently opened a third at Shawinigan Falls, Canada. 
The British Aluminium Company operate a large plant at 
Foyers, Scotland. There is an establishment at Neuheusen, 
Switzerland, two in France, one in Germany and one in Austria. 
The output for 1901 is estimated at 7,500 metric tons. Aluminium 
is now regularly used in all steel works, being added at the rate of 
4 to 6 ounces per ton of steel. It is competing with copper as a 
conductor in electrical transmission lines, as it offers twice the 
conductivity for equal weight. It is being used for numerous 
other purposes and the market for the metal is widening year by 
year. 

Sodium. 

Although sodium was first isolated by electrolysis, no satisfac- 
.tory commercial process of obtaining the metal in this way was 
devised until quite recently. Many attempts were made to make 
sodium by the electrolysis of the fused chloride but none of these 
methods were successful, the principal difficulty being the violent 
•corrosive action both of the fused salt and the liberated products. 
Moreover salt fuses at the high temperature of Soo^C. and sodium 
begins to distill off below 900°C. so the collection of the product 
was extremely difficult. 

In 1890, Castner devised a successful process of making sodium 
by the Davy method of electrolyzing fused caustic soda. The 
fused hydroxide is electrolyzed between iron electrodes. No dia- 
phragm is used but a wire gauze is interposed between the elec- 
trodes. The sodium liberated at the cathode is thus prevented 
from straying into the anode compartments, as its high surface 
tension prevents it from straying through the gauze. On the 
other hand the fused hydroxide circulates freely. The liberated 
sodium floats at the top of the cathode compartment and is baled 
out from time to time. 

Practically all the sodium used in the world is prepared by this 
process. It is operated by the Niagara Electro-Chemical Company 
and by factories located at Bitterfeld, Rheinfelden, and Frankfurt 
in Germany, Bellegarde and Les Clavaux in France, and Weston 
Point in England. 
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Large amounts of sodium are converted into the peroxide for 
use in bleaching and for other purposes where a powerful oxidiz^ 
ing agent is required. It gives off 1 8 per cent, of its weight in 
available oxygen. The peroxide is easily prepared by burning 
sodium in an excess of dry air free from carbon dioxide. Sodium 
is also converted into the cyanide by adding it to melted ferro- 
cyanide, the reaction being : 

K,Fe(CN), + 2Na = 4KCN + 2NaCN + Fe. 

The suggestion has been made that, in the future, sodium may be 
used as a compact, amenable, and portable form of energy. 

Caustic Soda. 

Many attempts extending over a number of years have been 
made to manufacture alkali and chlorine by the electrolysis of 
common salt. Several successful processes have been devised and 
these are being worked on an ever-increasing scale. In 1884 three 
German chemical firms united in carrying on experimental work, 
and as a result of their investigations a plant was opened at Frank- 
furt in 1 890 to work the " Electron *' process. This plant was the 
first to achieve success in the electrolytic alkali industry. 

In the *• Electron" process the electrolyte is a solution of com- 
mon salt and a diaphragm is used to prevent the alkali formed at 
the cathode from coming into contact with the chlorine evolved at 
the anode. No other details of the process have been made pub- 
lic except that the diaphragms are made of cement and have a life 
of two years. In the " Electron " process, and indeed in all other 
electrolytic alkali processes, the chlorine is conducted into lime 
chambers to form bleaching powder. The " Electron " cell has 
been widely adopted for the manufacture of alkali and bleach and 
there are now eleven works in Europe using this form of cell. 

We may class with the " Electron " process the Le Sueur, the 
Hargraves-Bird, and the Onthendin-Chalandre processes as in all 
of these, a diaphragm is used. The Le Sueur process has been 
worked on a small scale in this country since 1892, first at Rum- 
ford Falls and later at Berlin Falls. The Hargraves-Bird process 
has been operated at an establishment in England since 1896. 
The Onthendin-Chalandre, the latest modification of the " dia- 
phragm process," is in operation at two works on the Continent. 

The difficulties in working with fused salt were referred to when 
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sodium was being considered. Despite these difficulties, three 
processes in which the electrolyte is fused with common salt have 
been given a trial. These processes resemble each other in the 
respect that all employ a cathode of molten lead. The resulting 
sodium-lead alloy is withdrawn and treated with steam to form 
alkali and the lead is then returned to the cell. Vautin, in 1893, 
patented such a process, which, after a short trial, was abandoned. 
Hulin, in 1894, improved on the process and a plant at Les 
Clavaux worked the process for two years, but found it to be un- 
economical. These two trials demonstrated that a small propor- 
tion of sodium forms an alloy with lead which is not very mobile, 
resulting in making the circulation of the alloys very difficult. 
Moreover the action of steam on the alloys was found to be '* dan- 
gerously violent." In spite of these experiences a plant has been 
erected at Niagara to work the Acker process. Although this 
process embraces decided improvements over those of Vautin and 
Hulin, it is doubtful if the fundamental disadvantages of working 
with fused salt and a molten lead cathode have been overcome. 
This conclusion is strengthened by the fact that the plant at Ni- 
agara Falls, although finished several months ago, has not yet 
commenced regular operations. 

In a third type of apparatus, the alkali is removed from the in- 
fluence of the anode by gravity. The first process of this kind, 
the Holland and Richardson, was put in operation at St. Helens, 
England, in 1895. The history of the company owning the plant 
is said to have been ''a long series of disappointments to the 
stockholders," and, finally, in 1901, the plant was closed. The 
" Bell " process, another gravity process, which was perfected in 
1899, after several years of experiment, seems to be more suc- 
cessful. 

In this process the inflow of brine and the outflow of alkaline 
liquor are so regulated that the separating zone, where the anode 
and cathode liquors meet, is maintained at a constant level at a 
safe distance below the anode. 

Probably the most successful process now in use is the Castner- 
Kellner, patented in 1892 and 1893, and in operation at Weston 
Point, England, and at Niagara Falls since 1896. At the English 
plant, 4,000 horse-power is utilized, and at Niagara the Mathieson 
Alkali Works, the largest in the world, devote 6,000 horse-power 
to the process. 
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The Castner-Kellner apparatus consists of a shallow trough di- 
vided into three compartments by two partitions which extend 
almost to the bottom of the cell. There is a layer of mercury in 
the cell sufficiently deep to seal the compartments from each other. 
In each of the outer compartments there is a carbon anode, and in 
the middle compartment an iron cathode. Brine is fed into the 
outer compartments, and water into the middle one. In the outer 
compartments the salt is decomposed. The chlorine which is 
evolved is conducted away, and the sodium alloys with the mer- 
cury, which here acts as cathode. A gentle rocking motion is 
given the cell, so that the alloy is transferred to the middle com- 
partment, where it acts as anode and the sodium is extracted, and, 
combining with water, forms caustic soda. The efficiency of the 
electrolysis of the salt in the outer compartments is 90 per cent., 
while the efficiency of the extraction process in the middle com- 
partment is 100 per cent. Therefore, to prevent the oxidation of 
mercury in the middle compartment, only 90 per cent, of the cur- 
rent which flows through the outer compartments is sent through 
the middle one, the division of current being readily brought about 
by means of a shunt. . 

Another process employing mercury is the Solvay process, in 
use at Jemeppe, in Belgium, since 1898, and later introduced at 
two other European establishments. An amalgam of sodium is 
formed during the electrolysis, and this amalgam floats on the top 
of the mercury cathode. The mercury is circulated toward a weir 
of such a height that the amalgam passes over it. The amalgam 
is then conducted to another cell, in which it acts as the anode, 
and the sodium is extracted as in the Castner-Kellner process, the 
mercury being then returned to the original cell. 

At several establishments in Europe and at the Roberts Electro- 
Chemical Works at Niagara Falls, caustic potash is manufactured 
from potassium chloride by processes similar to those above 
described. 

Hypochlorites and Chlorates. 

In describing the process for making caustic soda, attention was 
called to the various methods employed for preventing the alkali 
from reacting with the chlorine. In the manufacture of hypo- 
chlorites and chlorates, the problem is, on the contrary, how this 
secondary reaction may best be brought about and controlled. In 
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general, hypochlorite? are formed by the action of chlorine on the 
caustic alkalies in cold solutions, and chlorates are formed when 
the reaction takes place in warm solution. . The difficulty is to 
prevent the hydrogen set free at the cathode from reducing these 
products. 

The various forms of hypochlorite apparatus resemble one an- 
other in the respect that no diaphragms are used and a rapid cir- 
culation of the electrolyte from the cathode towards the anode and 
thence out of the cell is maintained. The electrolyte is either so- 
dium chloride or potassium chloride. Hypochlorite solutions for 
bleaching wood-pulp and textile goods are made in numerous 
small plants on the Continent, but this practice has not been largely 
adopted in the United States or England. 

The electrolytic chlorate industry has attained larger propor- 
tions, two thirds of the world's supply of the commodity being 
thus produced. The electrolytic process was first worked on a 
commercial scale by Gall and Montlaur in 1889. They employed 
a diaphragm cell, in which the alkali formed in the cathode com- 
partment was conducted through the anode compartment. As in 
all other electrolytic chlorate processes, the electrolyte was main- 
tained at a temperature of 50° to 75° C. This cell is still in use 
at some of the European works. 

The Franchot and Gibbs cell, patented in 1893, was used by the 
National Electrolytic Company at Niagara Falls from 1898 until 
quite recently. In this cell no diaphragm is used. The cathodes 
are made of cupric oxide with which the liberated hydrogen com- 
bines, thus preventing reduction of the chlorate. Although the 
efficiency of the process was high, the disadvantages attendant on 
renewing the copper oxide cathodes led to the modification of the 
process. In the cell now used at Niagara, the cathode is com- 
posed of copper wires whose rounded surface facilitates the escape 
of the hydrogen bubbles. The electrolyte is circulated through 
the cell at such a rate that the outflowing liquor contains about 3 
per cent, of chlorate which crystallizes out of the liquor on re- 
frigeration. 

Miiller has recently discovered that the addition of a small per- 
centage of chromate in the chlorate cell greatly increases the effi- 
ciency of the process and this device has been generally adopted. 
Brochet believes that in all cases, hypochlorite is first formed and 
that the presence of chromate facilitates the secondary reactions 
whereby the hypochlorite is converted into chlorate. 
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The great chlorate works of Corbin et Cie at Chedde have re- 
cently commenced to manufacture perchlorate by electrolyzing a 
cold concentrated solution of chlorate. This product, because of 
its high oxygen value, is used in making explosives. 

Conclusion. 

The most important electrochemical industries have now been 
considered. There are a felv processes worked on a small scale, 
concerning which not much information is obtainable. Numerous 
other processes are in the experimental stage or are still confined 
to the laboratory. When we consider how many able investiga- 
tors have recently turned tlieir attention to electrochemistry, we 
may safely predict that, in the next few years, great development 
will take place in this field. 
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ANALYTICAL CHEMISTRY. 
By ELWYN waller. 

Indirect Weighing of Precipitates, Thatcher (y. Am. Chem. Soc^ 
XXIII. , 644). The principle upon which the method depends is that 

weight in gms. = Sp. Gr. X Volume in cc. 

It consists in weighing in a pycknometer, the precipitate together with 
the liquid in which it was precipitated, and then by use of a smaller 
pycknometer determining the specific gravity of the solution from which 
the precipitate was formed. The specific gravity of the precipitate 
(which may be determined once for all) being known, the weight may be 
readily calculated. For details the original paper should be consulted. 
The method has especial advantages when the washing or ignition of the 
precipitate are difficult or tedious. Under the conditions produced in 
each case the following Sp. Grs. were found for the respective precipitates. 

AgCl 5.5570 

BaSO. 4.3098 

CaCjO. 2.2465 

(Yellow precip.) Am. Phospho-molybdate 4*055 

Cu,0 5-7007 

With Al^COH), the Sp. Gr. was found to vary with the conditions pro- 
duced for the precipitation. 

Titration with Permanganate Gailhat {Bull. Soc. Chim., XXV., 
395). In presence of an excess of MnSO^, solutions of YL^^^t^^* ^^^'^^ 
acidification with H^SO^, lose only traces of O on boiling. This fact 
enables one to utilize the reagent in various quantitative oxidation proc- 
esses (e. g., glycerin, etc.) in which under other conditions it has been 
unavailable. 

Standardizing Thiosulphate Solutions. Perrin {Afon, Sci. [iv.], XV., 
I, 244). By use of a known amount of normal H^SO^ on a mixture of 
iodide and iodate, and then titrating with the "hypo" solution, its 
strength can be determined. When the solution of iodine salts and the 
"hypo" solution are both neutral, two atoms of I are freed by each 
molecule of H^SO^. 

Thiosulphate as a Precipitant. J. T. Norton (Am, Jour, Sci., XII., 

Experiments were made by adding NajSjOj to nearly neutral solu- 
tions of the salts and then enclosing in a Pnngst tube and subjecting them 
to the influences of heat and pressure, by immersing in a paraffine bath 
at 140° to 200° C. for an hour. The results were: Na^SjO, will com- 
pletely precipitate Al, Cr, Zr, and Ti as hydroxides with the aid of high 
temperature and pressure. Be is only partially precipitated uoder similar 
conditions. Mere boiling for a reasonable time will not precipitate Al and 
Cr, but it is sufficient in the case of Zr and Ti. 
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Standardizing Acid Solutions, Hopkins {Jour. Am, Chem, Soc,^ 
XXIIL, 727). 

A series of experiments was made on some of the methods proposed for 
standardizing alkalimetric solutions. Such were : 

1. By weighing the AgCi obtained from known amounts of standard 
HCl. 

2. By weighing the (NH4)2S04 obtained by neutralizing a known 
amount of standard H2SO4. 

3. Use of weighed amounts of metallic sodium. 

4. Weighed amount of borax. 

5. Electrolysis of weighed amounts of pure crystallized CuSO^ weigh- 
ing the Cu, and titrating the acid. 

I and 2 were found to be capable of a high degree of accuracy, 2 being 
especially simple and rapid. 

3 was not quite so accurate. The Na was found to contain small 
amounts of K and possibly other impurities. 

4. Borax was found to be sufficiently prone to efflorescence to render 
the process incapable of a high degree of accuracy. 

5 was not found to be so accurate as i or 2. More manipulation is 
required, and the unavoidable errors of experiment have a greater influence 
on the results. 

Determination of Casium and Rubidium as Acid Sulphates, Brown- 
ing {Zis, Anorg, Chem,^ XXIX., 140). The conclusions are: The 
salts of Cs and Rb with volatile acids afford sulphates of the type RHSO^ 
if treated with excess of HjSO^ and heated at 250 to 270° to constant 
weight. They afford neutral salts (type R2SO4) if ignited. Cs shows 
a tendency to hold more H2SO4 at 250-270° than suffices to form 
CSHSO4. If the temperature is raised to over 300°, SO3 is given off, 
and a portion seems to become pyrosulphate. Na and K salts afford 
pyrosulphates under these conditions, which by heating pass into the 
R3SO4 form. Li affords neither acid or pyrosulphates. 

Determination of Alkaline Earths, C. A. Peters (^Am, Jour, Sci,, 
XII., 216). The summary is as follows: In the estimation of Ca by 
titration of the oxalate with K2Mn20g accurate results may be obtained 
when HCl (with an Mn salt) is used as the solvent. 

Sr salts may be precipitated by (NH4)2C204 with practical complete- 
ness in a solution containing one fifth its volume of 85 per cent, alcohol, 
and with approximate completeness from water solutions at a dilution not 
exceeding 250 cc. Furthermore SrC204 may be titrated with accuracy 
when either H2SO4 or HCl (with an Mn salt) is used to liberate the 
H2C2O4. 

Ba salts may be precipitated with practical completeness by (NH4)3- 
C2O4 in a solution containing one third its volume of alcohol (85 per 
cent.) and the BaC204 thus obtained may be dissolved in HCl and titrated 
by KjMojOg after the addition of an Mn salt. 

Sr and Ba oxalates may be converted to carbonates by ignition, and 
weighed as such. 

Volumetric for Alumina, — Gyzander {^Chem, Newsj LXXXIV., 296). 
The method consists in titrating acidimttrically the free acid, using 
methyl orange indicator, and then continuing the addition of standard 
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NaOH until phenolphthaline shows a faint but decided pink. The 
standard NaOH is made up with 11.65 grams NaOH per liter, which is 
standardized by the use of NaHCjO^ 4- Aq, with phenolphthaleine indi 
cator. 

For indicators one gram methyl orange is dissolved in one liter of 
water, and one gram phenolphthaline in 500 cc. of alcohol. For each 
titration use two drops methyl orange, and four drops phenolphthaleine, 
both added at the same time. For the first part (determination of free 
acid) add the standard NaOH rather slowly, as the reaction needs a 
perceptible time to be completed. The end reaction is the occurrence of 
an orange (not yellow) color. Note the burette, and then run in the 
standard NaOH in a rather rapid succession of drops, stirring constantly, 
until a faint but permanent pink is noted. The end point with phenol- 
phthaleine is sharpest when the solution is kept at about 30° C. Above 
that temperature the results are incorrect. Below 20° C. the reaction is 
tardy and the end point obscure. 

The ultramarine test was found to give good results in testing for free 
acid in Al2(S04),. 0.5 gram of ultramarine was shaken up with 500 
cc. of water, and 10 cc. lots= o 01 gram ultramarine added to flasks con- 
taining 20 cc. of a ten-per cent, solution of the sample made up to 100 
cc. The flasks were kept hot on a radiator and the contents frequently 
stirred by rotating the flask, the time required to decolorize being noted. 

In the case of the presence of free acid the time to decolorization was 
much shortened, and the difference in effect between o i and 0.05 per 
cent free acid was quite perceptible. The presence of basic alumina had 
a decided retarding effect. Different makes of ultramarine, as might be 
expected, were decolorized in different periods, but with the same ultra- 
marine the times were uniform. 

Reducing Ferric Salts for Titration. Morgan {Analyst, XXVI., 225). 
The author finds that the Zn-Cu couple (made by immersing 8 gms. Zn 
in 200 cc. of 10 per cent. CuSO^ solution) is much more effective and 
rapid in the cold, than the use of Zn dust or granulated Zn. 

Volumetric for Iron or Tin. Zengelis {Ber,^ XXXIV., 2046). So- 
dium molybdate solution may be used as an indicator in ''spot " tests for 
the presence of SnClj. The presence of an excess of HCl does not inter- 
fere. The characteristic raolybdeum blue constitutes the reaction. 

To estimate Fe, it is c >nverted to the ferric form, and titrated with 
standard SnClj solution, until after boiling for a short time, a drop of the 
solution just gives the blue with a drop of the molybdate solution. 

To determine Sn, the element is converted to stannous form, which is 
then oxidized by use of a known amount of standard FejCI^, and the 
excess of ferric compound determined as above. 

The ordinary molybdic reagent can be used as an indicator if freshly 
prepared, but on standing for a weekfor two it loses the property of afford- 
ing the blue with SnClj. It may, however, be restored by addition of a 
drop or two of a phosphate or arsenate. 

Small Amounts of Nickel in Presence of Cobalt. Ditz {Zts. f. Angew. 
Chem.y 1 901, 894). The neutral solution is put into a large flask, and a 
slight excess of K^CrO^ is added. Then after bringing to a boil, add 5 
to 10 gms. Rochelle salt. Boil vigorously for some minutes, then cool 

vox.. XXIII 
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and dilute, if the color is \ery intense. If Ni is present, a brown pre- 
cipitate settles out. Some Co is dragged down with it, but if only Co is 
present there will be no precipitate after dilution. 

Separation of Nickel and Cobalt Rosenheim and Huldschinsky {Ber, , 
XXXV. , 2050). The solution of the two metals is shaken with a large 
excess of NH^CNS. 12 gros. to 50 cc. of the so ution, and a mixture of 
I vol. amyl alcohol and 25 vols, ether. Co goes into the ethereal solu- 
tion as a complex thiocyanate, Ni remaining in the HjO solution. To 
obtain the Co from the ether solution add a little NaOH to remove Fe, 
then shake with about 20 cc. dilute H^SO^ which dissolves the Co. If 
the Co is very small in amount proportionately to the Ni, the separation 
is unsatisfactory. 

Volumetric for Mercury ^ Copper and Zinc, Cohn {Ber,^ XXXI V., 
9502). For mercuric salts, it is necessary to have N/io solution of 
NH^CNS, and N/io AgNOg with an iron alum solution as indicator. 
The coloration with the Fe does not occur until all the Hg has been 
satisfied. When Hg and CSN are in the solution in exact proportion to 
form HgCCNS), that compound forms slowly, separating out eventually 
in crystalline form. It is however soluble, both in excess of Hg salt and 
in excess of NH^CNS 

An excess of the NH4CNS solution is therefore first added and then 
the AgNOg solution to complete disappearance of color. This is followed 
up by cautious addition of the NH4CNS solution to the change point. 
The test cannot be applied in presence of chlorides. For Cu and Zn use 
is made of the solution of double sulphocyanate of Hg and NH^ (or K) ; 
<NH3)2Hg(CNS)4 which exchanges its alkaline constituent for Cu or Zn. 
The reagent is prepared by dissolving 27 gms. HgCl and 32 gms. 
NH4CNS (or 40 gms. KCNS) in i liter of water. The standard is 
established by use of standard AgNO, , the best method being to add a 
slight excess of the AgNOg and then to titrate back with the mercury 
sulphocyanate. The operation is performed by adding a measured 
quantity of the mercury sulphocyante (in excess) to the Cu (or Zn) solu- 
tion to be tested, shaking well, filtering off the precipitate through a dry 
filter, and then titrating aliquot portions of the filtrate with N/io AgNO, 
as above. The amount of mercury solution used, less that attributable to 
AgNOg solution, gives the measure of the amount of Cu (or Zn) present. 

Red Lead. Estimating PbOj. Liebig (Zts.f, angew. Chem,, XIV., 
828). 0.5 gm. of the sample is placed in a small Erlenmeyer flask with a 
little water, and 25 cc. N/io NajSjOg solution added. Then add 10 cc. 
HCjHgOj (not over 40 per cent, strong) to dissolve the precip'tate. Now 
add 10 cc. of KI solution (10 per cent.) and a little starch, and titrate 
with N/io I solution. The end-reaction is when the bright yellow Pbl, 
becomes discolored. The cc. of I solution used multiplied by 239 repre- 
sents the percentage of PbOj present. 

Copper in Slaj^s. Heidenreich (Z/y. Anal, Chem,, XL., 15). Pre- 
cipitate the metallic Cu by use of Al in the solution slightly acidified with 
HCl, filter, dissolve the Cu in HNOg and electrolyze the solution. 

Cuprous Oxide in Commercial Copper Oxide, Miklosich (Z/j. /. 
angew. Chem., 901, 753). The CujO may be oxidized by warming 
with dilute HjSO^ and Fe3(S04)g, and the amount of reduction esti- 
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mated by titration with standard K^Mn^Og. By starting with Fe(NH42)* 
(804)2 solution, and adding K^MnjOg, the standard may be obtained, 
simultaneously with the preparation of an FejCSO^), solution adapted 
for the purpose. 

Purifying Sulphuric Acid for Arsenic Tests. Fairley (^Analyst, XXVI., 
179). H2SO4 in presence of alkaline bisulphate distils quietly. Max- 
well Lyte and others have shown that As (when as H3ASO4) is not volatile 
with H2^^4* '^^^ prrcess therefore consists in adding to the H2SO4 
20 to 30 per cent, of NaHS04 or KHSO4 and a little KjMnjOg or 
KjCr^O,; to oxidize the As, and then distilling. About two thirds of 
the acid may be distilled over. In the case of ordinary commercial acid 
(NH4) 2SO4 may be used. This reagent also destroys any nitrogen oxides 
which may be present, after which the oxidizing agent may be added. 

Arsenic in Beer^ Brewing Materials^ etc. — Report of committee 
(y. S. C, /., XXI., 94). Reagents, HCl, as pure as obtainable, should 
be diluted to a gravity of i.io and Br added sufficient to give a strong 
color (about 5 co. per liter), then SO, in excess, allow to stand at least 
twelve hours. Then boil off about one fifth, or it may be distilled, and 
the first portion rejected. 

H2SO4. To 500 cc. add a few grams of NaCl, and distil in a glass 
retort. The first portions of the distillate will contain the As, and must 
be rejected. 

HNO3 is usually obtainable free from As. 

Zn may usually be obtained free from As. Mr. Allen believes that the 
presence of a trace of Fe is advantageous as being conducive to the for- 
mation of uniformly deposited mirrors. Regranulate before using. 

CaO. The sample must be tested, as many calcites contain minute 
traces of As. MgO may be used as a substitute, and is more readily 
obtained pure. 

CaClj. This is best obtained '' arsenic- free" by moistening with 
HC], fusing, and regranulating. 

The apparatus consists of a Marsh generator flask, the escaping gases 
being pa^ed through a tube containing, first, a roll of blotting paper 
saturated with P^CjHgO,), ^nd then dried, then a wad of cotton 
wool, then a layer of granulated CaCl,, then a thicker wad of cotton 
wool. A stopcock funnel- tube (capacity about 50 cc.) should be used 
for introduction of acid, etc. , to the flask. 

Beyond the drying tube, should be attached a hard glass tube to be 
heated for the production of the mirror. 

The constriction had best be as near uniform as possible in caliber 
(No. 13 Birmingham wire gauge, =0.092 inch, being mentioned as 
suitable). During a test the tube just anterior to the constriction should 
be kept at a red heat. After expulsion of the air, the apparatus should 
be run for fully twenty minutes (in blank), which should give no mirror, 
before adding the solution from materials to be tested. It is recom- 
mended that a set of mirrors for purposes of comparison be made for 
comparison, using 0.002, 0.004, 0.006, 0.008 and o.oio mgm. As^Og in 
the apparatus. 

For direct tests without destroying the organic matter, use 50 gms. of 
malt, 20 gms. of hops, or 10 to 20 gms. of sugar or other brewing 
materials, treating them with the HCl described diluted with an equal 
volume of water. 



286 THE QUARTERLY. 

To destroy the organic matter, take lo gms. of the substance, treat 
with lo to 15 cc. HNOg and heat until brown fumes cease to come off. 
Add H2SO4 and heat to charring, add about 5 cc. HNOg and char again. 
Add water and HCl (or H3SO4) which should give a colorless extract 
(indicating complete charring). Filter and wash thoroughly — evaporate 
down to about 30 cc. and test in the apparatus. 

For beer^ etc., mix ro cc. with 10 cc. of the above HCl, and introduce 
into the apparatus slowly to avoid frothing. After 10 minutes if no 
mirror appears add 10 cc. more with HCl in the same way. 

Malt, Extract 50 gms. for 15 to 20 minutes at 50^ C. in a separator 
funnel with a mixture of 50 cc. of HCl and 50 cc. of water and test in 
the apparatus 

Hops, Extract 20 gms. in a similar manner by digestion with 100 
cc. of the diluted HCl for half an hour. Test in the apparatus. 

Sugar ^ etc., dissolve in water, add 10 cc. HCl, and test as before, oper- 
ating on 10 to 20 gms. of material. 

In some cases it may be preferable to destroy the organic matter. 

By the acid method add 10 to 15 cc. HNO, to 10 gms. of the sub- 
stance (or 200 cc of beer) and heat until brown fumes cease to be 
evolved. Then add 3 cc. H2SO4 and heat until the mass begins to 
char, then add 5 cc. HNO3 and heat until the acid is all expelled, leaving 
a char, which is thoroughly extracted with water acidulated with HCl or 
H2SO4, filter and evaporate to 30 cc. before running into the apparatus. 
The solution should be colorless. With hops, 10 cc. of HNO3 and 5 
cc. cone. H2SO4 should be mixed and the hops added in small portions 
at a time. The heating should be done with some caution, as this ma- 
terial tends to froth over. In other respects the operation is conducted 
as above. 

By the Basic Method ^\xx^ CaO or MgO is mixed with the material (i 
gm. to 20 cc. of beer — for sugar or solid materials half the weight) then 
dry and incinerate. Dissolve in HCl for testing in the apparatus. 

Coal and other fuels. Incinerate one portion of i gm. direct in a 
muffle, test the ash with HCl, and test for " non- volatile As." Mix 
another portion of i gm with i gm CaO. Incinerate, dissolve, etc., for 
"total As." 

Detection of Traces of Antimony in presence of much arsenic. Den 
jges (C. Rend., CXXXIII., 688). The detection by means of the black 
stain on Ft when a granule of Zn is used (HCl solution) is made more 
delicate by the substitution of Sn for Zn. The presence of considerable 
quantities of As interferes with the delicacy of the test. 

A more sensitive reiction is the formation of the antimony caesium 
iodide. The reagent is made by dissolving i gm. KI and 3 gms. CsCl 
in 10 cc. of water. The substance to be tested for Sb is dissolved in 
HCl(i : 4) or H 2 804(1 : 10). A drop of the suspected solution mixed 
with a drop of the reagent on a microscopic slide and observed through 
the lenses will show the formation of yellow or garnet red lamellae of the 
antimony caesium iodide, if only a minute trace of Sb is present. 

Uranium, Analytical Relations, Kern (^Jour, Chem: Soc, XXIII., 
685). The separation of U from members of the fifth and sixth groups 
is readily accomplished by HjS, provided the cold solwtion contained not 
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over I cc. cone. HCl per 50 cc. as free acid. More than that prevented 
complete separation of Pb which was the element least readily separable. 
With warm solution, the proportion of free acid needed to be less than 
above indicated. 

Methods for separation from Vd are described. 

For separation from Fe, the ether method (Fe as FejCl^) was satis- 
factory, when HCl of Sp. Gr. i.io was used, and at least three extrac- 
tions with ether were made. 

To separate from alkalies and alkaline earths, the ammonia precipita- 
tion, in presence of NH4CI three times repeated was efficient. Boiling 
the solution at the time of precipitation facilitated the management of the 
precipitate. Use of CHCI3 or alcohol gave no advantage. 

Washing with hot 2 per cent, solution of NH4CI was necessary. 
Separation of precipitate from the paper before ignition was unnecessary. 

The reduction to UO, by ignition in a current of H, as recommended 
by Fresenius and others for control was found to be difficult and in many 
cases incomplete. 

Separation by electrol)rsis gave the best results under the following con- 
ditions: The solution should contain about o.i gm. UjOg at most not 
over 0.15 gm. Volume ^hou'd be 125 to 200 cc. To the neutral solu- 
tion add I to 2 gms. NaC^H^O, and acidify with ^ to i cc. glacial 
HCjHjOj. Temperature 65° C , current NDj^^^ 0.6 to 0.7 amp. and 
6 to 8 volts. Precipitation completed in 5 to 7 hours. The black 
Ug04.3HjO, deposited on the cathode is converted by HNOj and igni- 
tion to U3O3 for weighing. When over 0.15 gm. UgOg is present, the 
precipitation is incomplete, and the deposit tends to scale off. 

In separating U as phosphate, Na^HPO^ as the reagent, afforded a 
precipitate which was washed and otherwise managed with difficulty, 
NH4H2PO4 was much more satisfactory. The best mode of procedure 
was found to be to add NH^OH in excess to the boiling solution, then to 
add HC2H3O2 until it was in slight excess, and finally to add about i^ 
times as much (NH4)H2P04 as was necessary for the reaction. After 
boiling for half an hour, allow to settle, and wash three times by decan- 
tation, and three times on the filter with hot 2 per cent, solution of 
NH4CI. The precipitate and filter paper were burned separately and, 
after uniting the residue*, ignited in porcelain crucible at "redness *' for 
5 minutes, cooled, moistened with HNO3, and again brought to 'Mow 
redness,'' at which temperature )t was maintained for 10 to 25 minutes. 

When platinum crucibles were used, the permeability of that metal by 
the hydrocarbon gases ot the flame caused a reduction to a greenish mass 
instead of the lemon }ellow color which should be possessed by the 
(U02)aP20,. 

Volumetric for U by KjMnjOg. HjS does not reduce U salts unless 
Hg is present. Reduction by Zu in H2^04 solution gave satisfactory 
results. The equation is : 

SUCSOJj + K2Mn208 4- 2H2SO4 + 2H20 = 

5(U02)S04 + 2MnS04 -f 2KHSO4 + sHaSO^. 

Fe standard X 2.1425 = U standard, 
Fe standard X 2 5243 = UgOg standard, 
Reduction by SnClj, or in HCl solutions, gave irregular and untrust- 
worthy results. 
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Ekctrolytic Determination of Molybdenum, Kollock and Smith 
(71 Am. Chem. Soc, XXIII. , 669). Metallic Mo was found to be separ- 
able from a solution containing 0.1302 M0O3 (bs Na2Mo04) in 125 cc. 
of water by working at 75 ^C. with a current of o.i amp. and 4 volts for 
several hours. The black deposit was dissolved in HNO3, evaporated to 
dryness, and heated to expel excess of acid, finally weighed as M0O3. 
Results very good. Also when applied to molybdenite. 

Estimating Tellurium. Gutbier {Ber., XXXIV., 2724). The pre- 
cipitant recommended is hydorazine-hydrate or hydrochloride . Being 
capable of application in neutral solution, the reoxidation to TteO, is 
avoided to a great extent. 

Sulphur in Irons ^ etc. Noyes ilnd Helmer (y. Am. Chem. Soc.^ 
XXIII., 675). The solution of the sample by the aid of Br gives better 
results than any other method of attack. The attack may be by 8 gms. 
Br to 5 gms. of the sample, with water only, adding the sample in small 
portions at a time. A more satisfactory method consists in the use of 
120 cc. HNO3 (Gr. 1.2) with i gm. KBr and 7 gms. KCIO3 added in 
small portions at a time. 

The insoluble residue often contains S and should be fused up with 
Na2C03 and a little nitrate. The Fe is precipitated out by pouring the 
solution inio an excess of NH4OH solution, filtering off an aliquot por- 
tion, acidifying and precipitating by BaCl,. 

Sulphuric Acid in Waters. Winkler i^Zts. Anal. Chem,^ XL., 465). 
The method by BaCrO^ (yid Quarterly, XI., 378, and XIV., 67) is 
applied colorimetrically, BaCr04 (dissolved in HCl) is completely pre- 
cipitated by addition of alkali, if, however, a sulphate is present, BaSO^ 
comes down on adding alkali, together with the excess of BaCr04, leaving 
dissolved alkaline chromate corresponding to the amount of sulphate orig- 
inally present. The amount may then be colorimetrically estimated. 

To apply the test, acidify 150 to 200 cc. of the water with five to ten 
drops HCl, add o.i to 0.2 gm. pure BaCr04 and boil ; after complete 
cooling, add a slight excess of NaOH. Filter through dry double filter 
— reject the first turbid runnings, and compare the color of 100 cc. of 
the clear filtrate, with standards made up by use of a solution of 1.839 
gm. KjCr^O^ per liter, run into water rendered alkaline, i cc. of the 
KgCroOj solution corresponds to o.ooi gm. SO3, for the solubility of 
BaCr04 m dilute alkali, allow 0.7 cc. 

Photometric Determination of Sulphates. Jackson (^J. Am. Chem. Soc.^ 
XXIIL, 799). The method was first proposed by Hinds {ib.^ XVIII., 
661) and the author has found it very serviceable for rapid and approxi- 
mate estimations. It consists simply in adding BaCl, to the solution of 
the sulphate, and noting the depth of turbid liquid necessary to obscure 
completely the flame of a standard candle. The apparatus copsists of an 
ordinary '^ Nessler jar " set in a tube blackened inside with a shield about 
it to cut off the glare outside, with a standard candle supported 3 inches 
below the bottom of the jar. 

The Nessler "jar" is graduated to cm. and mm. The observations 
are made in a darkened room, the eye being held just above the top of 
the *'jar " in making an observation. An invariable amount of 2 gms. 
of BaCl^ per ico cc. of solution taken is used. 
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Baric Acid. Partheil and Rose (^Ber,^ XXXIV., 36, 11). In the 
absence of H2SO4, HgPO^, HNO3 ^^^ appreciable amounts of iron, the 
solution is acidified with HCl, and extracted with ether. A specially 
constructed extractor or < 'perforator" has been devised in which the 
ether is continuously passed through the aqueous solution in a spiral tube. 
The ether solution after separating is evaporated in a vacuum desiccator 
over H2SO4 and the BjO, weighed. Distilling off the ether at atmos- 
pheric pressure, causes a perceptib e loss of BjO, in the vapor. 

Methods for Boric Acid. Carnielli {GazeUa, XKXL, i., 544). Re- 
view of the methods : 

Berzelius Stromeyer method : precipitation as fluoborate ; not trust- 
worthy, 

Gooch's method as modified by Rosenbladt: distillation of methyl 
borate ; fairly good if all precautions are observed. 

Smith's method (Am. Chem. Jour.^ IV., 279): precipitation by MnSO^ 
and alcohol, and estimating in the filtrate the excess of Mn by Volhard's 
method. The author obtains good results by applying a modification of 
his own, which consists in evaporating the filtrate to dryness, adding 
ZnSO^, boiling, precipitating with standard KjMnjOg and estimating 
the excess by standard HjCjO^. 

Thomson's method (J. S. C. /., XII., 432): Addition of HgSO^ until 
the solution is neutral to methyl orange, which sets free the ^2^9* ^"^ 
then adding one third the volume of glycerol and titrating with phenol- 
phthalein indicator; rapid and accurate. 

Fohr's spectroscopic method (Z/s. Anal. Chem.^ XXVI., 79) gives 
good results if the proportion of BjOg is sufficiently large. 

Cyanic Acids in Cyanides. Herting (Z/x. angew Chem., 1901, 585). 
By adding dilute HCl or H2SO4 to the solution containing cyanate, and 
evaporating to dryness on a water-bath, the cyanate is decomposed, being 
converted to H4 salt thu*, 

KCNO -h 2HCI + HjO = KCl + NH4CI -f CO2 

The NH3 may then be determined by distillation. Any NH3 ex'sting 
in the original substance must be of course determined, and allowance 
made for the same. 

Dissolved Oxygen in WcUer-Co'.orimetric. Ramsay and Horn fray 
J. S. C. /., XX., 1071). The reagent used is CujCl^ with NH4OH. 
n the absence of O the mixture is colorless. The apparatus (which can 
be made in portable form) consists of two parallel tubes in which are 
discs of opalescent (or **milk?") glass, which are attached to wires 
passing through the tube stoppers, until the intensity of color in the 
standard is found to match that in the sample examined. For details, 
the original paper should be consulted. 

Hydrogen Dioxide. Hosch {J. Am. Chem. Soc. , XXI 1 1. , 9 23 ). Good 
results have been obtained by using the '* Schrot^er " apparatus (devised 
for CO 2 determinations) charging it with cone. H2SO4 in the drying 
tube, and KjMujOg solution (a gms. in 100 cc. ) in the acid tube. The 
bulb should contain 10 cc. of water and 5 cc. of H2SO4 (1:5). Weigh, 
introduce about i cc. of the H2O2 solution, weigh again, and then run 
in the K2Mn20g until the rose tint is permanent, weigh again. Half of 
the weight of O lost is due to the O from the HjO,. 
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NO FES ON RECENT MINERALOGICAL LITERATURE. 
By ALFRED J. MOSES AND LEA McL LUQUER. 

General Mineralogy. 

Adams, F. D., and Nicolson, J. T. — On the Flow of Marble under 
Pressure. Proc. Roy, Soc, read June 21, 1900. 

A series of experiments most interesting alike to petrographers and 
mineralogists. 

Polished cylinders of marble, about one inch in diameter, were accu- 
rately fitted into wrought- iron cylinders and varying pressures up to 
13,000 atmospheres used. 

The permanent deformations, under ordinary conditions of tempera- 
ture were due to cataclastic structure and in part to twinning and gliding 
movements in the individual crystals. Both of these structures are seen 
in naturally contorted limestones and marbles. 

At elevated temperatures only twinning and gliding movements took 
place, this latter movement being identical with that produced in metals 
by squeezing or hammering. 

*' There is, therefore, a flow of marble just as there is a flow of metals, 
under suitable conditions." — L. McL L. 

Bonney, T. G The Parent- rock of the Diamond in South Africa. 

Proc, Roy. Soc, 65, 223, 1899. 

The '' blue ground " proved to be not of igneous origin but a breccia 
produced by the destruction of various rocks including eclogite which 
has contributed the diamonds to the mixture L. McL L. 

Bowman, H. L. — Communications from the Oxford Mineralogical 
Laboratory. Afin. Mag., 12, 349, 1901. 

Method of illustrating the Variation of Thermal Conductivity of CryS' 
tais in diflerent directions. 

Crystals containing water of crystallization (as gypsum) may be used 
and heat conveyed to them through a pointed copper wire. Opaque 
white ("dehydration") figures are easily and quickly obtained, whose 
shape will depend on the crystallographic S) mmetry. 

A modification of Senarmont's wax coating process was made in the 
case of stibnite, by using coating of ammonium chloride obtained by sub- 
limation. — L. McL L. 

Evans, J. W. — The Alteration of Pyrite by Underground Water. 
Min. Mag., 12, 371, 1900. 

Author concludes that sulphides acted upon by water, free from car- 
bonates, will usually be removed in solution as sulphates. When car- 
bonates are present, as in most spring and river water, the metallic 
carbonates, hydrates and oxides will be formed. In the Cise of iron the 
hydrate is usually the first formed. — L. McL L. 

Holborn, L., and Day, A. L On the Melting Point of Gold. Am, 

Jour, Sci , iv , 11., 145, 1901. 

A physical inves'igation. Compirison tiven between "crucible" and 
*• wire *' methods, wh ch yield r«ults d flffiing only 0.4^. Meanmeltmg 
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temperature by "wire" method =1063.9°. This method reported 
satisfactory for calibration of thermo-elements. — L. McI. L. 

Klein, C. — Optical Studies. Sitzungsb. k. preuss, Ak, Berlin^ 19, 346, 
1899. 

(a) Anorthite from Vesuvius. Optical constants given. 

\li) Method of total reflection in petrography. 

Any face is sufficient to determine the three principal indices of refrac- 
tion of a biaxial crystal. Method of using total reflectometer described, 
and constants given of those rock-forming minerals, which have at least 
one refractive index sufficiently low. — L. McI. L. 

Loewinson-Lessing, F — Zur Frage Uber die Krystallisationsfolge im 
Magma.' Centralblattf, Min, Geoi. u JPa/a., 299, 1900. 

The writer attacks the recently published views of Joly * that since 
silica, at high temperatures, is more viscous than lime, magnesia and 
alum na the apparent abnormalities in order of crystallization of silicates 
may be explained by considering silicates to be of the nature of alloys in 
which the qualities of the constituents are added, the silica entering as an 
influence retarding the crystallization while the lime, magnesia and alu- 
mina, which crystallize at high temperatures, influence the molecule ac- 
cordingly. 

The writer points fiut that these assumptions are not admissible, for 
they are contradicted by such facts as that in most cases diopside, with 
55 per cent. SiOj and enstatite with 60 per cent. SiOj crystallize be/ore 
anorthite with 43 per cent. SiOj, and a feldspar AnjAb^ with 48 J^ per 
cent. SiO,. If accepted the assumption could only explain Rosenbusch's 
genera/ rule that crystallization takes place in order of decreasing basicity, 
and would leave all the opposing cases, observed in diabases, dolerites 
and sphserolites, and even the cases of simultaneous separation of two 
constituents observed in pegmatitic and granoporphyritic rocks, to be con- 
sidered as exceptions. 

Joly's assumption that silicates are of the nature of alloys is grounded 
on Mendelejew who pointed out that : ( i ) The chemical bond between 
the constituents of a silicate is feeble and easily broken. (2) That, at 
formation of a silicate there is only a slight change in volume. But theie 
are genuine salts which are much more easily decomposed than silicates 
and the volume alteration is only quantitative and differs according as the 
starting point is taken as the oxide or the element. 

No good ground exists for claiming silicates are not genuine salts and 
the order of crystallization is a much too complicated ph« nomenon to be 
explained by any single hypothesis. For instance, while in many peri- 
dotites chromite is one of the first separations, Vogt has recently de- 
scribed f magnetite and titanomagnetite in an eruptive rock, with ine/fi' 
sions of rhombic pyroxene. That is the ore constituents of an eruptive 
rock can crystallize either before or after the silicate r onstituents. 

The writer refeis again to his previously expressed view that in any 
magma the constituent in excess at any given m >nient is to be regarded 
as the solvent from which the other constituents crystallize, that is at dif- 
ferent periods the same constituent may be &ulvt*nt oi dissolved substance. 



* Scient. Proc. Roy. Dublin Soc,^ 1 900 p. 298. 
t Zeit. f prakt. Geol. , 233, 1 900. 
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This is probably one of t{)e factors of a very complicated phenomenon 
which will never be explained by a single rule such as decreasing basicity. 

A. J. M. 

Meigen, W — Organic Aragonite and Calcite (a new distinction be- 
tween these minerals). Centraibiatt J. Mineralogies No. 19, 577, 1901. 

Boiling for a few moments with a dilute solution of cobalt nitrate gives 
a means of distinguishing between these two forms of calcium carbonate. 
In powder the aragonite gives a lilac-red precipitate of basic cobalt car- 
bonate, while calcite rema ns uncolored or may become yellowish. 
Author gives long list of results obtained on both recent and fossil shells, 
corals, etc. No rule of distribution ia apparent. — L. McI. L. 

Penfield, S. L. — Oa the Interpretation of Mineral Analyses ; a criti- 
cism of recent articles on the Constitution of Tourmaline. Am. Jour, 
Set,, iv., 10, 19. 1900. 

The great difficulties of mineral analyses are considered and the neces- 
sity emphasized for purity of material and judgment in interpretation of 
results. 

Analytical evidence based on a few extremely carefully executed 
analyses seems to definitely prove the empirical formula of the tourma- 
line acid to be HjoBjSi^Oji. Author suggests that the characteristic 
feature of all varieties of tourmaline is an aiuminium borosilicic acid^ 
HgAl3(B.OH)2Si40i8 ; in which the mass effect oi the (AlaCB.OH)^- 
^U^i 9^ is overwhelming so that it makes no difference how the remain- 
ing nine hydrogens are replaced. Varieties from this type are considered 
to be probably due to impure material or faulty analysis. 

Author criticises the tendency of Clarke and Tschermak to assign 
very elaborate chemical formulae to tourmaline, making the mineral con- 
sist of complex molecular mixtures analogous in composition to the mem- 
bers of the mica group. — L. McI. L. 

Penfield, S. L. — The Stereographic Projection and its Possibilities from 
a Graphical Standpoint. Am, Jour. Sci,, XL, 1-24, 115-143, 1901. 

The stereographic projection of the surface of a sphere, whether rep- 
resenting a geographical map or a crystal, has been notably simplified by 
Professor Penfield. In the opinion of the writer the principal gain in 
the delineation of crystals is in the eaise with which an accurate projec- 
tion can be made and in the graphic recognition of the planes in a zone. 
The graphic solution of the spherical triangles resulting is also of benefit 
as a check upon calculation and can serve for the identification of forms 
on previously described crystals. 

The method is simple — four protractors, and four scales have been pre- 
pared, all based upon an equatorial circle of constant radius. The 
radius selected is seven centimeters and it is possibly to be regretted that 
preference was not given to a radius of either five or ten centimeters so 
that use could be made of a millimeter scale and the prepared pajiers 
ruled in millimeter squares, of Goldschmidt. 

As is well known the stereographic projection of a point at any angle 
a from the upper pole of the sphere will be on a radius and at a distance 

from the center equal tan . The ** Protractor No. i " is a scale 14 
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cm. long on which the graduations are " stereographic degrees," that is, 

any degree a is at a distance tan -from the center. It therefore will 

measure on any diameter the true angle between projected poles, or con- 
versely if the angle and one pole is known it will locate the second pole. 

For the measurement of angles between poles on oblique zones or for 
obtaining such poles from measured angles, '' Protractor No. 2," which 
is a circle 14 cm. in diameter, printed on transparent celluloid and 
showing stereographic projections of vertical small circles for each degree. 
When the intersections of the oblique zone with the equatorial circle are 
made to coincide with theo^ and 180^ points of the protractor, the angle 
between any two points in the oblique ;cone is obtained by reading off the 
angle from each to the nearer (o^ or 180^) point and subtracting the 
sum of these angles from 180^. 

In the recognition of zones '' Protractor No. 4 " consists of a sheet of 
celluloid on which are printed stereographically projected halves of great 
circles, all -passing through the same poles and ranging from the straight 
line to the true circle, with radius of seven centimeters. When this 
protractor is pivoted by a needle point at the center of the stereographic 
projection and slowly revolved the existence^of zones is easily noted. 

In a less used protractor the stereographic projections of both great and 
small circles for every fifth degree are given on the same sheet of cellu- 
loid. 

The stereographic projection of a great circle is always a true circle, 
and always intersects the equatorial in two points, the extremities of the 
same diameter. The practical drawing of this circle involves finding the 
center and the radius. By the old method * if two points are known a 
thii'd is readily found and a circle passed through these With protractor 
No. 4 it is not even necessary to construct the zone circles, but if this is 
done the center will be on the diameter normal to that through the inter- 
sections with the equatorial and the length of the radius is given by a 
special scale (scale i ) for the number of stereographic degrees from the 
zone to the equatorial circle. These may be counted directly on Protrac- 
tor No. 4. For drawing flat arcs a convenient modification of the curved 
ruler of Wulff f is furnished. 

The angles of any spherical triangle may be graphically measured 
by drawing tangents to the two arcs at their intersection; the angle 
between these is the true angle. To draw a tangent accurately find two 
points of arc equally distant from point of tangency, connect with a cord 
and draw tangent parallel. 

Or: Draw a diameter through the pole at the vertex of the angle. 
With protractor 1 measure on this diameter 90° to some point B, Draw 
a great circle through B and on it measure the given angle by protractor 
No. 2. 

The article describes also at length the application of the protractors in 
drawing maps — A. J. M. 

Pirsson, L. V., and Robinson, H. H. — On the Determin tion of Miner- 
als in thin Rock-sections by their Maximum Birefringence. Am, Jour. 
Sci.f iv., 10, 260 1900. 

* Moses, ** Characters of Crystals,'* p. 23. 
\Zeit. f. Kryst,^ 21, 253, 618. 
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In addition to a very clear description of the method employed, the 
authors give convenient tables of the maximum birefringences and mean 
refractive indices of the Common rock-forming minerals, and also a dia- 
gram showing the interference colors produced by sections of varying 
thickness of minerals of different birefringence. 

This simple diagram takes the place for all practical purposes of the 
more elaborate color plates of Michel-L^vy and Lacroix — L. McI. L. 

Richards, J. W. — Notes on Some Blow-pipe Tests. Jour. Am, Chem, 
Soc, 23, 213, 1901. 

Closed tube yields satisfactory quantitative (0.2 per cent, of error) test 
for water, volatile S, etc. 

Test for Antimony in open tube may only yield the entirely volatile 
SbjOg and no trace of the non-volatile Sb204. In such a case hold 
upper end of tube in flame, which will be colored pale yellowish-green. 

Phosphoric Acid flame test best made by touching Pt. wire with assay 
when hot to concentrated sulphuric acid and bringing it into outside edge 
of Bunsen flame as low down as possible. When testing for boron hold 
wire higher up in hotter part of flame. 

Test for Fluorine made by fusion with KHSO4 in rather large closed 
tube (5-8 mm. diam.) held almost horizontally. The silica ring deposits 
just above assay ; cool and break tube just below silica ring when the 
odor of hydrofluoric acid will be perceived. The silica ring will not 
wash away with water but becomes gelatinous. 

Test for arsenates made with charcoal dust and soda in lower end of 
open tube trear with R. F. of blowpipe, when arsenic coating will always 
be obtained, even if garlic odor has not been noticed in other tests. 

Test for silica in the S. Ph. bead. If bases are present the bead 
may dissolve from 2-4 per cent, of SiOj ; hence in silicates rich in bases 
(as thaumasite) the bead may dissoWe up to 30 per cent, of its weight of 
the mineral, therefore use a relatively large fragment of the silicate. 

The silicates of A I, Gl and Zr dissolve very slowly en mcuse without 
showing a skeleton, but usually after blowing five minutes enough SiOj is 
dissolved to render the bead milky opalescent and hence prove its presence. 

L. McI. L. 

Schwarzmann, Max. — Zur krystallophotogrammetrie. Neues Jahrbuch 
f, MineraiogiCy 1901, I., 9-17. 

In the same journal, 1900, 11., 1-38 the writer described a method for 
assisting crystal measurement by oriented photographs. The later article 
describes apparatus and methods for more exact orientation of the camera 
and measurement of the plates. 

Stober, F. — Sur une m^thode dedessin des cristaux. BulL Soc. Afin,, 
22, 42, 1899. 

The "axonomeiric" method of Weisbach is generally employed, the 
gnomonic projection of Goldschmidt and the linear projection of v. 
Federow being rarely used, but a truly useful method of drawing should 
be based upon the stereograph ic projection and is here outlined. 

Two cases are taken up : 

1. The plane of projection of the drawing coincides with the plane of 
the stereographic projection (orthogonal projection). 

2. The plane of projection of the drawing is inclined to the plane of 
the stereographic projection (perspective drawing). 
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The method consists of obtaining the direction of the pojection of the 
edge between two faces, from the stereographic projections of these faces. 

Examples are given of drawings made by this method, both of crystals 
in different systems and also of twin crystals. — L. McI. L. 

Suess, F. E. — Cosmic Origin of Moldavite. Verhtnded. k, k. geoL 
Reichsanst, Wien,y 1898, pp. 387-403, 415-419 and 1899, pp. 81-85. 
Abstr. in Zeit,f, Kryst.^ 33, 649, 1900. 

Moldavite has been considered to be either an artificial glass or an ob- 
sidian. The finding of numerous fragments of the so-called bottle stone 
of Moravia, in garnet mines in Bohemia in old diluvial sand showing the 
usual characteristic wrinkled surface but without the rolled surface due 
to transportation there by water, seems to set at rest any question of arti- 
ficial origin unless an old diluvial glass factory is assumed. The author 
also suggests that both in the moldavite and in the obsidian bombs found 
distributed through Australia and the Dutch East Indies we have fragments 
of the outer hulls of aerolites corresponding to our largely felspathic earth 
crust. They fell probably towards the end of the Tertiary and may all 
have been of one fall. Analyses of moldavite by C. v. John show pres- 
ence of about 80 per cent. SiOj* 10 per cent. Al^Og and small amounts 
of Fe, Ca, Mg and K ; very different in composition from that of artificial 
glass. 

Van't Hoff, J. H. — ^Untersuchungen liber die Bildungsverhaltnisse der 
oceanischen Salzablagerungen, insbesondere des Stassfurter Salzlagers. 
Satt, d, k preuss, Ak. d. Wiss, zu Berlin^ 1898-1899. 

This elaborate discussion and record of experiment includes fifteen sub- 
heads each by Van't Hoff and a different associate. Professor Brauns 
has given a very thorough abstract in Neues Jahrb. /. Min.y 1901, 1., 
6-13, Ref. and an earlier article was reviewed in same journal, 1898, II., 

380 A. J. M. 

Individual Species. 

Bombicci, L Cubosilicite. Mem, delL R. Accad, delle Sc, delL Inst, 

di Bologna, 8. 67-84. Abst. in Zeit.f. Kryst , 34. 29*1 1901. 

The well-known blue chalcedony, sometimes called sapphirine, from 
Tresztya, Altenburg, Transylvania, which shows at the surface numer- 
ous and fine cubes is generally assumed to be pseudomorphous after flaorite. 
Careful examination has convinced Bombicci that the material has no re- 
lation to either sapphirine or fluorite. The cubes suggest in externals 
rather pseudocubic species such as boleite, hauerite, or melanophlogite 
and the occurrence in veins and geodes in rhyolite does not indicate origi- 
nal fluorite. The possibility of a hexahedral form of SiOj must be ad- 
mitted. The mixtures of SiO^ with hydrated silicic acid and traces of 
hydrocarbons affect the molecular arrangement. 

The author, therefore, gives to this material the name cubosilicite and 
defines it as '<a quartz silica with a little hyalite, externally resembling a 
blue chalcedony but crystallizing in pseud o cubes. 

He describes also cubes of silica found in a petrified wood not far from 
the Baths of Poretta which is identical with the cubosilicite from Tresztya 
and could not be pseudomorphic. — A. J. M. 

Brauns, R. — Ueber das Vcrhaltniss von Conchit zu Aragonit. Central- 
blatt f, Min. GeoL u. FaLy 1901, p. 134. 
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The calcium carbonate of mollosc shells was described by Agnes Kelly, 
Min. Afag.y ii, No. 58, as differing from aragonite, which Rose and 
Sorby had stated it to be, chiefly in being optically uniaxial and negative 
or feebly biaxial, otherwise essentially like aragonite. Brauns shows that 
the determined indices and the axial angle calculated therefrom, do not 
differ more from those of aragonite than was to be expected from the 
nature of the material and that conchite is undoubtedly biaxial and iden- 
tical with aragonite. 

Later study by Vater confirms this opinion — ZeiLf, Kryst.^ 35, 151- 
178, 1901. 

New minerals from Greenland. Meddelser am Grdniand, XXIV., 
1899. 

Part I. (pp. 7-180), by G. Flink, treats of the minerals of Narsarsuk, 
Tunngdliarfik fiord. They are found in a limited, pegmatitic area of 
the prevailing syenite, associated with microcline and aegirjte. 

Cor dy Hie is a barium parasite, CejFjBaCgOQ. Occurs in minute, 
club-like hexagonal crystals, wax-yellow in color. Fracture, coDchoidal ; 

H. = 4.s; G. = 4-3i- 

Ancylite^ 4Ce(0H)C0g -f 3SrC0g + 3H3O. Occurs in minute or- 
thorbombic crystals with curved faces. Color light yellow to resin - 
brown; H. = 45; G.= 3 9S. 

Spodiophyllite^ a metasilicate, related to segirite, (Fe, Al)2(Mg, Fe, 
Mn)(Na2K2)2(Si03)g. Occurs in rhombohedral crystals, resembling 
chlorite. Color, ash- to pearl-gray ; cleavage basal, micaceous; H. = 3 ; 
G.= 2.633. 

Tainiolite (tseniolite), a micaceous mineral occurring in elongated 
crvstals 

SiOj AljOg FeO MgO KgO NajO Li^O loss 
52.2 2.7 0.6 19.1 II. 5 1.8 3.8 8.7 = 100 
analysis on o. 1 gram by Mauzelius. Loss is referred to water and fluorine. 
G. =2.86. 

Lorenzenitey Na2(Ti, Zr)2Si207 (Mauzelius) occurs in needle-like, or- 
thorhombic crystals, colorless to violet to brown ; lustre adamantine ; H. 
= 6; G. = 3.42. 

LeucospheniUy Na4Ba(TiO)2(Si205)5 (Mauzelius), seems to be related 
to eudidymite, occurs in wedge-shaped monoclinic crystals ;^color white to 
grayish-blue; lustre vitreous, on some faces pearly; H. = 6.5; G. = 

Narsarsukitey SiOj 61.63, TiOj 14.00, Fe^Og 6.30, Al^O- 0.28, MnO 
0.47, MgO 0.24, NajO 16.12, F 0.71, H20o.29= 100.04 (Christensen). 
Occurs in tabular, tetragonal crystals ; color, honey-yellow to brownish- 
gray ; H. = 7-f ; G. = 2.751. 

ChalcolampriUy RNb20gF2 -f RSiOg (Mauzelius). Occurs in small, 
regular octahedrons, resembling pyrochloxe, color dark-brownish inclining 
to red; H. = 5.5; G. =3.77. 

Endeiolite, RNb20g(HO)2 -f RSiOg (Mauzelius). Related to chalco- 
lamprite and like it occurs in regular octahedrons ; color dark chocolate* 
brown ; H. = 5 ; G. = 3.44. 

Full descriptions are also given of: Parisite, eudidymite, epididymite, 
aegirite, arfvedsonite, catapleiite, neptunite and elpidite. 

Part II. (pp. 1 8 1-2 1 3), by O. B. Boeggild and Chr. Winther, treats of 
the new minerals from the nephelite-syenite of Julianehaab. 
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Epistolite, SiOj 27.59. Nb^O. 33.56, TiO^ 7.22, FeO 0.20, MnO 
0.30, CaO 0.77, MgO 0.13, NejO 17.59, HjO ii.oi, F 1.98= 100.35 
(deduct O) =99.52 (Christensen). Material, somewhat altered, occurs 
in monoclinic, tabular crystals, resembling brucite. Color white ; lustre 
pear y on basal cleavage ; H. = 1-1.5 ; G. = 2.885. 

Britholite, SiOa 16.77, ^'fi^ 6.48, (Ce, La, Di)203 60.54, Fe^O, 
0.43, CaO 11.28, MgO 0.13, NajO 1.85, HjO 1.27, F 1.33 = 100.08, 
(Christensen) occurs in pseudo-hexagonal crystals, like aragonite. Color 
brown, opaque ; lustre greasy to vitreous ; H. = 5.5 ; G. =4.446. 

Schizolite^ 4R2O.10RO. 158103, (Christensen) resembles a manganese 
pectolite, although formula does not agree closely, occurs in columnar 
masses and prismatic crystals ; cleavage parallel to two faces in zone of 
elongation ; color pink to brown ; H. = 5-5.5 ; G. = 3.089. 

An account of steenstrupite also given L. McI. L. 

Hussak and Prior. — Florencite, a New Mineral. Min, Afag., 12, 244, 
1900. 
Two analyses by Prior gave : 

PbjOg AljOg CegOg (etc.) Fe^Oj CaO H2O SiO, 
25.6 32.28 28.00 0.76 1. 31 10.87 0.48 = 99.31, 

yielding formula 3Al2O3.Ce2Os.2Pb2O5.6H2O, not far from that of 
hamlinite. 

Rhombohedral crystals, with/ (0221) prominent form; cleavage, 
basal; H. about 5; G. =3.586; lustre greasy to resinous ; color clear 
pale yellow. 

Occufs sparingly in cinnabar-bearing sands of Tripuhy, near Ouro 
Preto, Minas Geraes, Brazil and more abundantly in diamond-bearing 
sands from Matta dos Creoulos, near Diamantina and with yellow topaz 
at Morro do Caixambu. — L. McI. L. 

Hutchinson, A. — On Stokesite, a new mineral containing tin from 
Cornwall. Min. Mag,y 12, 274, 1900. 
Two partial analyes combined gave, 

SiOj Sn02 CaO HjO 
43-1 33-3 13-45 8.6 = 98.45, 

yielding formula CaO, SnOj^ 38102 > 2H2O, an unusual and new com« 
position. 

Orthorhombic (bipyramidal class). Principal forms (010) and (121), 
^i: ^: ^ = 0.3463: 1 : 0.8033. Cleavage perfect; brittle; lustre vitre- 
ous; transparent; colorless; H. =6. Optical characters also recorded. 
Infusible and insoluble in HCl. 

Only one small crystal found on axinite from the St. Just district. 
Parts of this crystal used for determinations. 

Named for Sir George G. Stokes, of Cambridge University. — L. McI. L. 

Koenig, G. A. — On Mohawkite, Stibio-domeykite, Domeykite, Al- 
godonite and some artificial copper-arsenides. Am, Jour. Sa\, iv., 10, 
439, 1900. 

Mohawkite^ a new mineral from the Mohawk property, Keneenaw Co., 
L. S., having composition : 

Cu Ni CoO Fe As 
61.67 7«o3 2'2o trace 28.85=99.75, 
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yielding formula (Cu, NiCo), As, the ratio of domeykite, which, however, 
in this region contains only traces of Ni and Co. Regarded by author 
as a case of isomorphic replacement and not a mechanical mixture of the 
arsenides of Cu and (Ni, Co). Massive, fine granular ; color, gray with 
tinge of yellow, tarnishes easily to purple; brittle; H. = 3.5 ; sp. gr. 
= 8.07. Melts in closed tube at cherry heat and, according to author, 
colors glass blue if heating be continued for a few minutes (cobalt). 
With borax bead reacts for Co, Ni and Cu. Soluble in hot HNO^ 
(cone). 

Domeykite, sp. gr. found equal to 7.9486, which is higher than recorded 
in Dana (6. 70-7.547). Synthetic experiments produced undoubted dom- 
eykite agreeing closely with the above determination of sp. gr.; also the 
compound CujAs was formed. 

Stibio'domeykite^ name given to the Mohawk Mine domeykite contain- 
ing varying amounts of Sb. Analysis (of type specimen) : 

Cu (Fe, Ni, Co) As Sb 

71.48 0.14 26.45 0.78 = 99.95. 

Massive; fracture, subconchoidal ; tarnish, bra«s color changing to bluish- 
purple; H. =4; sp. gr. = 7.902 ; brittle, but not as friable as the 
mohawkite. Not completely soluble in HNO3 (cone). No reaction for 
Co or Ni with borax. Author claims that open tube test (with H^S) will 
show presence of o. i percentage of Sb. 

The Houghton domeykites show no trace of Sb. 

Mohawk Whitneyite^ a name used to designate an intimate mixture of 
the two minerals, occurring at the Mohawk Mine. Very tough, like Whit- 
neyite ; resists hammer blows, but dents like soft metal ; color, gray with 
brown or greenish tarnish. 

Appears homogeneous, but analyses show composition to vary widely. 
The formula Cu^As (including Ni + Co), assigned to mohawkite by 
Ledoux, probably belongs to this mixture. 

AlgodoniU^ from the Pewabic Mine, gave sp. gr. =8.383 at 21° C, 
which is higher than that recorded by Genth (7.62). The mineral is 
tough but does not dent like whitneyite. 

In view of the absence of crystals and the difficulties of detecting small 
percentages of Ni, Co and Sb by the blowpipe tests, it would seem diffi- 
cult to assign the true names to some of these copper arsenides in the 
absence of complete analyses. 

"Mohawkite" (J. W. Richards, Am, Jour, Set',, ri, 457, 190 1). 
Analyses of material from Mohawkite Mine marked " mohawkite '^ 
gave : • 

Cu Co Ni Fe As (by d if.) 

70.8 6 4 Trace o o 22.8 = loo.o, 

yielding formula (Cu, Co, Ni)4As, thus substantiating Ledoux's analysis 
and formula objected to by Koenig, who doubted existence of Cu^ As and 
gave the name Mohawkite to a (Ni, Co) variety of domeykite with formula 
(Cu, Ni, Co) 3 As. 

Author proposes name Ledouxite for compound Cu^As, carrying small 
percentages of Co and Ni. It is similar in appearance to algodonite with 
sp. gr. = 7.8-8.07. 

This discussion makes still more uncertain the naming of the copper 
arsenides from the Mohawk Mine region. — L. McI. L. 
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Kraus, E. IL, and Rettinger, J. — Hussakite, ein neues Mineral, und 
dessen Beziehung Zum Xenotime. Zeit.f, Kryst., 34, 268, 1901. 

The so-called xenotime from Dallas, near Diamantina, Brazil, while 
conforming perfectly in angles to xenotime, is found to contain a con- 
stant proportion of SO 3 leading to the formula 

3P2O5.SO8.3R2O8 

that is not a simple orthophosphate but a sulphophosphate to which the 
name hussakite has been given in honor of Dr. £. Hussak of Sao Paulo. 

The mineral is tetragonal bipyramidal with axis ratios, a: c = 
1:0.6208; the observed forms being }iio}, {looj {iii] and }33i}. 
The crystals are almost always transparent, of vitreous to pearly luster 
and yellowish- white, honey-yellow and brown in color. H. = 5, G. = 
4.587, cleavage good parallel {no}, optically positive, the axial figure 
quite undistorted. By prism method the indices of refraction are for Na 
io = 1.7207, e =1.8155, hence double refraction e-w very strong, 0.0948- 

The suggestion is made that all xenotime which is usually in part de. 
composed may have been derived from hussakite by leaching out SO 3, 
and it is shown that by short treatment in warm soda solution hussakite 
loses its SO 3. Further proof lies in the fact that in xenotime from Bahia 
the opaque portions yielded over two per cent. SO3 and qualitative tests 
were also obtained for SO 3 in xenotime from Hitterd. 

If then the name xenotime is retained for the yttrium ortho-phosphate, 
distinct crystals of the material should be regarded as pseudomorphs of 
xenotime after hussakite — A. J. M. 

Krenner, P. A., Sz6chenyite. Wiss, Ergebn. de Reise des Graf en 
Bila Szechenyi in Ostasten^ Bd. III. ; Die Beschreibung des gesammelten 
Materials, W. Abth. 

An amphibole associated with jadeite of Burmah and formerly described 
by Fisher as diallage. 

The mineral consists of blackish, lamellar masses of crystal aggregates, 
with vertical axes parallel. Cleavage angle =56^ 8' and extinction 
angle on (010) = 16° 16'. 

Fuses easily, giving yellow flame. Analysis yields formula : 

aNa^O, loMgO, 3CaO, AIJO3, i6SiO,. G. =3.033 ^L. McI. L. 

Koviur, Fr. — Nouveau phosphate d'alumine. Abst., Bull, Sac. Afln., 
22, 181, 1899. 

Found upon limonite at Gross-Trenny near Oels (Moravia) as little 
spheres con^)osed of radiating fibers, bright when fresh but quickly be- 
coming dull on exposure to air. Intermediate in composition between 
peganite and fischerite. — L. McI. L. 

Macleod, W. A., and White, O. E. — ^Johnstonotite a supposed new 
Garnet. Rrac. Roy, Soc. Tasmania^ 1898-99, 1900, p. 74. 

Name given to a brownish-yellow garnet occurring in trapezohedral 
crystals in trachite at Port Cygnet. Tasmania. It seems to be analogous 
to spessartite of Colorado, but analysis is questioned.^-L. McI. L. 

Matteucci, R, V. — CentralbL fUr Min.^ Geo I. u. Palaon., No. 2, pp. 

45-49* 1901- 

Reports salammoniac in crystals coating fragments of lava ejected, 

May 13, 1900, in eruption personally observed by Matteucci. As they 

VOL. XXIII.— ai. 
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certainly came either from the crater or from deep-lying cracks where no 
trace of organic life could be, the salammoniac can not have had organic 
origin. 

The long-known occurrence of galenite in the material from Monte 
Somma is found to contain a 1 ttle silver. 

Finds breislakite in a fragment of the recent, 1S95-99, lava of Vesuvius. 

A. J. M. 

Palache, C. — Notes on Tellurides from Colorado. Am. Jour, ScL^ 
IV., 10, 419; 1900. 

Syhanite from Cripple Creek. Habit tabular or prismatic; often rich 
in forms. An exhaustive crystallographic study made by author with 
two circle goniometer. Four new forms noted. 

Goldschnidiite crystallographically identical with sytvanite. Observa- 
tions with two-circle goniometer show that crystallographically G. (Au^- 
AgTe,, analysis by Hobbs) cannot be distinguished from S. (AuAgTe45f 
but represents a peculiar habit of that mineral' common at Cripple Creek. 
A re-analysis of Goldschmidtite material was not possible, but it seems 
probable that the ratio of Au : Ag in sylvanite may vary considerably from 
the theoretical proporticn 1:1, without affecting the physical characters 
materially. 

Hessite crystals from Colorado. Isome ric crystals from Boulder Co., 
Colorado, are interesting because they are probably the first crystals of 
this mineral described from the United States, and also because of their 
peculiar (hexagonal-appearing) habit. — L. McI. L. 

Peck, G. M Variety of Ilmeniie. Am, Chem, Jour.^ 19, 132. 

The mineral is brittle, non -magnetic, with G. = 4.699 and H.= 5. 
Analysis gave : 

TiOj FeO MgO SiOj 

63-31 35-99 o-8a 1.25 =101.37, 

yielding formula 2(FeO), 3(Ti02), which is intermedia»e between that 
of t) pical ilmenite 2(FeO), 2(Ti02)andthat of iserine 2(FeO), 4(TiOj). 
It is found with quartz in Bedford County, Virginia. — L. Mel. L. 

Penfield S. L. — On the Chemical Composition of Sulphohalite. Am, 
Jour. Set,, iv., 9, 525, 1900. 
Analysis gave : 

SOj NajO K3O Na CI F Ign. 

41.79 32.37 o.io 11.60 9.10 4.71 0.15=99.82. 

yielding formula 2Na3SO4.NaCl.N1F. proving the former formula (by 
Mackintosh) 3Na2S04.2NaCl to be incorrect. 

The association of this mineral with hanksite is of interest, as the lat- 
ter mineral also has three acid constituents. — L. McI. L. 

Poni, P. — Etudes sur les Mineraux de la Roumanie. Jassy, 1900. 
(Arm. Sci. Univ. Jassy. ) 

Summary of minerals and locality lists given ; also account of rock salt 
deposits, the most important being at Slanic. 

Badenite^ a new mineral occurring in the valley of Neguletzul, near 
Bad^ni-Ungureni, Di&t. Muscel, Rumania. Analysis : 

As S Bi Co Ni Fe 

61.54 0.27 4.76 20.56 7.39 5.98 = 100.50, 
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yielding ratio of 2:3 nearly for (Co, Ni, Fe) : (As, Bij S), somewhat 
analogous to rammelsbergite, which, however, has ratio of about i : 2. 
Massive, granular to fibrous ; color steel gray, becoming dull ; G. = 
7.104. 

Bro^tenite, a new hydrated manganite of Fe and Mn (analogous to 
chalcophanite), occurring plentifully in the crystalline schists near 
Brost^ni, Dist. Suc^va Rumania. Compact, friable ; color black ; 
lustre semi-metallic but becoming dull ; with HCl chlorine is evolved. 
Not constant in composition — L. McI. L. 

Rogers, A. F Mineralogical Notes. Am, Jour. Sci,^ iv., 9, 365, 1900. 

Gypsum twins from Lebo, Coffey Co., Kansas, interesting as they ap- 
pear to possess hemimorphic-orthorhombic symmetry rather than mono- 
clinic. 

Calciie, from Ari^entine, Kansas, occurs in homogeneous crystal aggre- 
gates, composed of individuals in parallel position. The crystal host, as 
it may be calltd, is light brown in color and consists of rhombohedral 
forms, on each of the unit rh mbohedral faces of which is placed a flat, 
colorless unit rhombohedron. Another parallel aggregate is composed of 
unit rhombohedra, placed on scalenohedral faces. 

The forms of calcite crystals, occurring in chalk along the Smoky Hill 
River, are also given. 

Cuprogoslarite, Kans. Uhiver. Quart, p. 105, 1899. 

A translucent, bluish-green sulphate of zinc, containing 1 2.48 per cent, 
sulphate of copper, found incrusting the walls of the zinc mine at Galena^ 
Kansas. — L. McI. L. 

Vater, Heinrich. — Ueber Ktypeit und Conchit. Zeit, /. KrysL, 35, 
151-178, 1901. 

The interior position of the pisolite of Carlsbad was described by 
Lacroix as an independent species of ktypeite consisting of CaCOg with 
peculiar optical characters and a specific gravity between 2.58 and 2.70. 

Vater reexamines carefully selected material and shows that optically 
his specimens conform exactly to both the properties of ktypeite of Lacroix 
and the previous description of pisotite by Sorby, but that such optical 
characters, viz., the convergent light figure like a positive unaxial (in one 
case biaxial) normal to optic axis would be perfectly possible if minute 
prisms of aragonite were each placed with c parallel the sphere surface ; 
or as Sorby expressed it, ''as if submicroscopic prisms had been mechan- 
ically heaped together like the growth of a rolling ball of snow, each 
prism laid parallel to the surface of the sphere." . 

As to the specific gravity the material examined by Vater in Thoulet 
solution sank as follows : 

Admitted aragonite hull between 2.922 and 2.907 
Central portion between 2.907 and 2.800 

Quartz grain at center at 2.6 

The mean for the outer hull of aragonite is 2.915, that for central portion 
is 2 873, near enough to be considered essentially aragonite. 

On the ot^er hand Vater records the obtaining of hemispherical aegrega- 
tions of CaCOg with 3.29 per cent. BaCOg from solution which, after 
allowing for BaCO,, may be said to have consisted of CaCO, with a 
sp. gr. of 2.54. They were composed however of radial fibers. 
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It is, therefore, possible that while much of Carlsbad pisolite is arago- 
nite, both hull and central portion, there may be an independent min- 
eral ktypeite and that the concentric aggregates of each yield similar 
optical effects. It seems probable, however, that, like conchite, ktypeite 
must be referred to aragonite. 

As to the origin of the spheres of Carlsbad pisolite^ Vater points out 
that despite the presence of the little central quartz grain it is improbable 
that the pisolite formed around floating grains since this would result in 
a radial ^'xwqXmx^, nor is the mechanical rolling up of Sorby probable, 
but he holds that it is much more likely, as with oolite described * by 
Rothplatz, that they are due to action of algse and that from the original 
amorphous condition the peculiar crystalline condition was developed 
later. — A. J. M. 

Wiilfing, £. A Ueber einige krystallographische Konstanten des 

Turmalins und ihre Abhangigkeit von seiner chemischen Zusammenset- 
zung. Programm 82 Jahresfeier der k. w, /. Akad. ffohenheim, 1900. 
Abst. in Centralbi.f, Afin., GeoL u, Faiaont., 1901, No. i, p. 15. 

The author tabulates geometric and optical constants of tourmalines 
and endeavors to determine effect of different isomorphous compormds 
therein. The geometrical constants indicate that the c' axis increases in 
length with the iron and magnesia contents while the tourmalines rich in 
lithia and poor in monoxides have notably shorter r' axis. The optical 
constants, especially the double refraction, z\ pear to show ^ dependence 
on the iron contents. — A. J. M. 

Zambomni, F. — Ueber Miillerit, Melit und Schrotterit. Zeit. /. 
KrysL, 34, 225, igoi. 

The mineral muUerite, Fe2Si30g2H20, occurs both at Nontron and 
Terschenrenth and at Marbo, Scandmivia. 

The mineral nontronite is FejSijO^^sHjO and occurs both at Nontron, 
Krivan near Moravicza and Gross-Treny. 

The schrotterite of Saalfeld is in white granules or scales and is per- 
fectly isotropic, the granules of schrotterite are more or less completely 
filled with opaque needles and branching forms which are wine red when 
very thin and also isotropic. To these inclusions the name melite is 
given and the formulas calculated are : 

Melite, 2f AlFe)203Si02 + SHjO, 
Schrotterite, yAl^Oj, 38102 + 36H2O. 

A. J. M. 



^ Botanisches Centralblattj 1 892, 51, 265. 
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The Anthracite Coal Industry : a study of the economic conditions and 
relations of the cooperative forces in the development of the anthracite 
coal industry ol Pennsylvania. By Peter Roberts, Ph.D. With an 
introduction by William G. Sumner, LL.D., of Yale University. New 
York, The Macmillan Company, 66 Filth Avenue. 1901. 361 pages 
and 22 D aps and charts. I3.50. 

The author of this book describes a field of industry which, only a few 
months ago, by reason of a widespread strike, aroused general interest 
throughout the country. He has presented his subject in a painstaking 
and sympathetic manner, and it is at once apparent that he has had ex- 
ceptional opportunities for observation and experience on the ground and 
among 'he miners themselves. The topics treated are indicated by the 
titles of the chapters : The Anthracite Coal Deposits, Developing 
the Coal Beds, Capitalization, Transportation, Mine Management and 
Inspection, Employes and Wages, Incidental Profits of Operators, Acci- 
dents, Strikes, Unionism, Reclaiming the Coal Waste, Reflections. 

In the openi g chapters an outline is given of the geogiaphy and dis- 
tribution of the anthracite deposits, together with a general outline of the 
methods of mining, and underground organization and inspection (pp. 
3-34 and 83-101). Although the author evidently is not an engineer, 
and therefore stumbles in some of his technical generalizations, the details 
of the principal features of the current methods and appliances used are 
fairly accurate and quite sufficient to enable the reader to follow intelli- 
gently the subsequent presentation of the various economic conditions : 
labor questions, wages relations of the mine worker to the operator, etc. 
It is the industrial system as a whole, av d the circumstances under which 
the anthracite miner lives and works, that constitute the chief raison 
d'etre of the book. All the questions which form the basis of the discon- 
tent so prevalent throughout the region, and which are the main issues of 
labor agitation and strikes, are treated at length. 

The moderation with which the author presents his views is notable. He 
refrains from rant and exaggeration ; he is neither an agitator, bearing a 
brief for the miner, nor an apologist on behalf of the operator and capi* 
talist. It is clear that he has endeavored to set down the facts. His 
arguments and conclusions are based on a mass of tabulated and charted 
statistics, which are not only of intrinisic value, but which carry convic- 
tion with them because of their evident thoroughness. 

It may be useful to refer here to certain points of special interest. In 
the public mind confusion is apt to exist, when labor questions are being 
discussed, as to the great differences in the conditions under which bitu- 
minous and anthracite mining are carried on. The bituminous deposits 
are usually marked by a uniformity which renders the adjustment of the 
rate of wages a relatively simple matter. In the anthracite fields, on the 
contrary, as remarked on p. 16, " the contortions, irregularities, flexures, 
and impurities of the veins * * * make it impo«5sible to adjust wages on a 
uniform basis." Only general rules can be laid down ; each mine 
has its peculiarities and in each contract prices must be individually regu- 
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lated. There are many minor variations, as to character of the roof- 
rock and of the coal itself, as afifecting the amount of labor required and 
the consumption of powder, the state of the ventilation of the work- 
ings and the amount of timbering necessary which must be taken into 
account. 

The subject of wages receives a fuller consideration in the chapter on 
''Employes and Wages." This question is in general an exceedingly 
difficult one. In addition to the considerations named above, it is com- 
plicated by the presence in the coal regions of a great body of non-Eng- 
lish-speaking foreign labor — largely of the various nationalities designated 
under the term '< Sclav," together with many Italians, Bohemians, etc. 
During strikes great trouble has often been experienced in dealing with 
these people. Their importation into the coal regions is, in a large 
measure, directly due to the operators themselves, and has resulted in a 
serious over-crowding of the industry, though perhaps not in any great 
direct reduction of wages. An excess of labor, however, combined with 
the natural fluctuations in the consumption and output of anthracite in 
different seasons of the year, has had a most unfortunate effect, viz.: the 
enforced reduction at certain seasons in the number of working hours for 
each miner. Though the nominal wages may appear to be satisfactory, 
yet the actual earnings per man, per week or month, due to intermittent 
work or * * half-shifls, ' ' are often cut in two. The author estimates (p. 124) 
that about one-fifth of the total number of employes in the anthracite 
fields could be dispensed with, thereby affording regular work to the re- 
mainder. It is natural that the operators, as a whole, should desire to 
encourage a surplus of labor, to keep the miners in subjection, and there 
is reason to believe that this is the position of some of them. Moreover, 
operators sometimes claim that collieries must periodically be shut down 
for repairs, thus throwing most of their employes out of work for a time. 
But this explanation is clearly inadequate. Shut- downs of any length, 
for this purpose, are not found necessary in other branches of mining, in 
the West, where in many regions work is carried on even 365 days in the 
year. 

But, on the other hand, it cannot be denied that the mine manage- 
ments often have just grounds for complaint. At seasons when work is 
steady and plentiful, many miners are wilfully irregular in going on shift, 
or make it a practice to spend themselves only a few hours per day under- 
ground, leaving their unskilled '* laborers " to load the cars after the coal 
is broken, and to finish up the work. 

All this takes no account of the personal relations between the mine 
management and the employe. As is well known, some companies have 
much less trouble with their employes than others — the Reading Coal 
Company being a case in point. Even a small voluntary increase of 
wages, or important concession, often goes far towards establishing a better 
mutual feeling. The personal character of the foremen and ^hift bosses 
is another matter far-reaching in its influence. Favoritism has been a 
prolific source of minor troubles, culminating sometimes in more serious 
ones. On page 99, attenti *n is called to what might seem at first glance 
to be an unimportant matter ; namely, that ** wash-houses," or ** change- 
houses," have never been found practicable, although a law was passed 
in 189 1 to compel the operators to provide them. Why their introduc- 
tion should not be feasible is hard to understand, except on the ground 
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that the small additional expense involved is objected to by the com- 
panies. They are considered indispensable at almost every mine of any 
size in the West, and unquestionably would conduce greatly to the com- 
fort and well-being of the coal miner, as well as of his family. Surely, 
they are even more necessary at coal than at the usually cleaner metal 
mines. 

One of the most interesting chapters in the book is that on '< Inci- 
dental Profits of Operators.*' In this are taken up the vexed powder 
question. '' company's stores," rent of company's houses, etc.. in a thor- 
ough and fair«minded way that lends confidence in the author's conclu- 
sions The chapter on <' Accidents " indicates that this subject also has 
had careful investigation. Undoubtedly, a large proportion of the acci- 
dents is due to carelessness on the part of the miner, and ignorance 
among the more degraded of the foreign laborers. 

Finally, in the discussion of unionism and strikes new evidence is pre- 
sented of the author's earnestness and careful research. Both subjects 
are first treated historically, followed by a review of the tendencies of the 
present organizations and the r suits of recent strikes. Some of the un- 
sound doctrines of the unions, such as ' wages ought to determine prices," 
are commented on intelligently and at length, and wise words of caution 
are addressed to the union miner. For example: ''strikes serve their 
purpose best as a ix)tential force in the background '; " labor organiza- 
tions cannot afford to give their members and the public the impression 
that the prime object of their existence is to precipitate a strike." 

This is a book which deserves a careful reading by every coal operator, 
manager and foreman, and by the leaders of labor organizations ; nor is 
there an intelligent miner who would not be benefited by it. 

R. P. 

Cyanide Practice. By Alfred James, Minin? and Metallurgical Engi- 
neer, Late Technical Manager and Special Expert in South Africa, New 
Zealand, Australia, United States ai d elsewhere, of the Company in- 
troducing the Cyanide Process. London, E. and F. N. Spon, Ltd.; 
New York, Engineering and Mining Journal, Inc., 1901. 171 pages, 
25 ill. Price J5.0C. 

The author of this book is one of the several engineers who, in 1888, 
undertook to investigate the principal gold producing regions in the 
world, for the purpose of introducing the Mac Arthur- Forrest Cyanide 
Process, which had then just been patented. Except in South Africa, 
these investigations first met with indifferent success, notwithstanding the 
erection of a number of experimental and trial plants. It will be remem- 
bered by American mining engineers that the cyanide process at the out- 
set was looked upon here with some suspicion, as only another example 
of a long series of patent methods for the extra* tion of gold, and, as Mr. 
Tames says, it was not until several years had elapsed, and the process 
had bien successfully applied abroad, that it was seriously taken up and 
developed in this country. 

By reason of his wide experience in ihe installation and working of 
this important aid to the gold mining industry, Mr. James is well fitted 
to treat the subject authoritatively, and his book will uodoubtedly be use- 
ful to those engaged in this branch of metallurgy. The author divides 
his subject under the foUowing heads : A Brief History of the MacArthur- 
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Forrest Process ; Investigation of Samples ; Plant ; Extraction ; Treat- 
ment of Slimes; Filter Press Treatment of Slimes ; Treatment of Sulpho- 
Telluride Ores ; Dry Gushing ; Costs ; Extractor Box Work and Sump 
Solutions; Losses in Cleaning-up; Bromo- Cyanide; Chemical| and 
Recent Cyanide Practice. 

This is not a very logical arrangement and we think it could be im- 
proved. However, the book is not a treatise on the subject, as Mr. James 
himself states in his preface. The fundamental chemistry and full de- 
scription of the process are intentionally omitted ; the author's purpose 
being, not to present a general view of the technical development and ap- 
plication of the process, but to give the results of his own experience, 
together with critical discussions of many of. the features of present 
approved practice. The book, therefore, is not intended for those who 
are entirely uninformed as to the theory and practice cf the process, but 
rather for engineers and others who have had some practical experience 
with it. To such the author's suggestions and notes and his detailed 
illustrated descriptions of the construction of recent successful plants, will 
be of value. 

Among the most interesting chapters are those on the '' Treatment of 
Slimes/' including filter- pressing, the ^< Treatment of Sulpho-Telluride 
Ores" in the Kalgoorlie district of western Australia, and the brief com- 
parison (pp. 1 51-168) of the ehief points of difference in South African, 
Australian, and Americal cyanide practice. 

R. P. 
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SOME SPECIAL PROBLEMS IN VALVE-GEAR DESIGN 

BY THE ZEUNER DIAGRAM. 

By WALTER C. KRETZ, Ph.D., Mech.E. 

One of the most important problems in the design of valve-gears 
is the following : 

Given the crank angle at cut-off ^ the lead, and the maxintum part- 
opening , to find the minimum travel to suit these conditions. 

The 2^uner Diagram gives a very simple and elegant method of 
solution which has been used by the Bureau of Steam Engineering, 
United States Navy. Our main object in the following pages will 
be to describe this method, and to furnish a proof, which, up to the 
present time, has not to the author's knowledge been published. 

Before entering on this, our principal topic, however, it may be 
well to demonstrate a few preliminary propositions which we shall 
require in the proof of the construction. They arise in connection 
with the problem : 

Given the eccentricity, the lead-angle, and the crank-angle at cut-off, 
to find the angular advance, the lap, and the lead. 

The well-known construction for this case is shown in Fig. i. 
The arc XRX' is drawn to any convenient scale, and represents 
the path of the crank pin referred to the axes OX and OY, OX 
being taken as the prolongation of the axis of the piston rod and 
as the centre of revolution of the crank. Lay off, now, the angle 
XOR^ equal to the given lead-angle, and let OR^ represent the 
crank-position at cut-off; OR^ is evidently its position at admission. 
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Bisect the angle RpR^, and draw the bisector OP. On OP de- 
scribe, with a diameter equal to the given eccentricity, the valve- 
circle 0</"Po. Then must angle YOPhe, the angular advance, 0</" 
the required lap, and o'a the required lead. For, from the con- 
struction it is evident that Oo will equal Oo"\ being chords cut on 
the sides of an angle by a circle described on its bisector. Now, 
by the theory of the Zeuner Diagram, such chords o( the valve- 
circle equal the displacement of the valve on the scale of the draw- 
ing, corresponding to the crank positions represented by the lines 
from which these chords are cut. But OR^ is the crank-position 

Y 




Fig. I.* 

at admission, and OR^ its position at cut-ofT, and at both instants 
the valve-displacement equals the steam-lap. Further, the 2^uner 
Diagram requires that the valve-circle be described on a line as 
diameter inclined from the axis OY towards the crank by the 
amount of the angular advance. From all of which it is evident 
that YOP as the angular advance, and Oo as the lap will satisfy the 
given conditions of lead-angle, eccentricity, and angle of cut-oflf. 
And a little consideration will show these to be the only possible 
values. But such being the case, </a must be the lead in linear 
measure on the scale on which the valve circle is drawn. For if 
we describe, with a centre O^ through the points </*' and o the lap- 
circle (/"(/'o, then 0(/ + o'a ^sOo + o^a is the valve-displacement 
at dead-centre, and this equals the steam-lap plus the lead, whence 
evidently the latter is represented by o'a. 

In the above discussion we have shown how the Diagram is to 
be constructed when the eccentricity, the lead-angle, and the crank- 
angle at cut-off are given. We can now go a step further and 

* In all figures, the crank is assumed to have a left-handed rotation. 
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assume the lead given in linear measure, which will be the more 
usual condition. It is evident that we need but devise a method 
to find the lead-angle corresponding to the given lead, whereupon 
the conditions will become the same as in the preceding problem. 
Now this may easily be accomplished. For consider Fig. 2. Here, 
as in Fig. i, the circle XYX-* represents the path of the crank-pin 
referred to the rectangular axes OX and OY, OR is the crank. 




Fig. 2. 

position at cut-off. Draw now the circle QPV with a radius equal 
to the given eccentricity, and with its centre at O^ the centre of 
circle XYX' ; this will be the travel-circle. Let us assume for the 
present that we know the lead-angle XOR^. The remainder of 
the construction would then become identical with that previously 
described. Let it be completed. We have then the lap-circle 
a(/'(/"t cutting OP in </\ and the angular advance YOP. Now 
join the intersections U and Q of OR^ and OR^ with the travel- 
circle by the line UQ, Let UQ cut OP in ^/'. We must show 
in the first place that UQ is tangent to the lap-circle at (/'. 
This can be easily done ; for join P and o. Then is angle PoO 
right, being inscribed in a semi-circle; but so is angle Qo^" 0. 
Further, OP^ OQ, being radii of the same circle, and angle POQ 
is common. Hence the triangles Qo^'O and PoO are equal in every 
respect, and Oo^'^ssOo', and since evidently Oo ^=s Oo" , 'we have 
0(/' s= Oo^', The points </' and o^' are therefore coincident, and 
UQ is tangent to the lap-circle at its intersection with OP. Now 
drop from S, the intersection of the travel-circle with OX, the per- 
pendicular 57 onto QU. Draw also Sm parallel to UQ, and join 
P and a. Again angles SmO and PaO are both right ; so that 
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triangles SmO and PaO are equal, since they have the angle POS in 
common, and PO = OS. Hence will Om « Oa. But Om == {7^'+ 
(/'m = 0(/' + 5r, and Oa = (?^' + (/a ; so that, since Oc^' = (?• . 
and (?;» = Oa^ we must have 57 « ^a, which latter we know from 
our previous discussion to equal the given lead on the scale of the 
drawing. 

The construction for the case assumed, namely given the cut-ofT 
angle, the eccentricity, and the lead in linear measure, now becomes 
plain. We select any rectangular axes OX^vA OY^ and describe 
about as centre the travel-circle with the given eccentricity 
as radius, intersecting OX in 5. Next we draw OR^ in its proper 
position, cutting the travel-circle in C/, and describe about S as 
centre a circle with a radius equal to the lead on the scale of the 
Diagram. This is the lead-circle. Then draw through U a line 
tangent to this last circle and prolong it to its intersection Q with 
the travel-circle. Join Q to O, when the angle QOX will be the 
required lead-angle. From this point on the construction then 
becomes identical with that detailed in the preceding problem. 

These preliminary considerations now place us in position to at- 
tack the main object of the present article, namely the construction, 
with proof, for the following case : 

Given : The crank- angle at cut-off^ the lead in inches ^ and the tnax- 
imum pott-opening ; to find: T/ie minimum travel to suit these condi- 
tions. 

We see in the first place that the problem before us will resolve 
itself into that of finding the steam-lap required by the above con- 
ditions. For the travel equals twice the eccentricity, and, from 
Figs. I and 2, it will be evident that the eccentricity equals the 
sum of the steam-lap and the maximum port* opening. Since, 
then, the latter is given, we must determine the former, whereupon 
the eccentricity will be known ; and knowing this, the problem 
then becomes identical with the second case discussed above. It 
should be mentioned, however, that we here tacitly assume the 
sufficiency of the given conditions for a singular solution. Now, 
since in the Diagram both the steam-lap and the port-opening 
vary simultaneously with the eccentricity, we cannot sXsXjt^apriori^ 
that this assumption is justified. It can easily be proved correct, 
however. For let (Fig. 3) the lead be given as equal to ST^ and 
the crank position at cut-off as represented by OM. Let the prob- 
lem have been solved, using these quantities, and in such a way 
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as to satisfy the third given condition, namely that of the maximum 
port-opening. This will be represented by PN\ the steam-lap will 
be 0N\ the crank position at admission will be 0R^\ and the 
eccentricity OP. It is evident, then, that OP^ the diameter of the 
valve-circle, will bisect angle RjOR^, R^ being the intersection of 
O^with the travel-circle whose radius is OP. Also R^R^ is per- 
pendicular to OP, and is tangent to a circle with radius 57 drawn 
about 5, the intersection of the travel-circle with the axis OX. If, 
now, this is not the only possible construction satisfying the given 
values, then there must be another eccentricity and another steam- 
lap, which, with the same lead, and with the same angle of cut-oflf 




Fig. 3. 

as before, make the maximum port-opening equal to PN. That this 
cannot occur, the following considerations will show : Let us vary 
the eccentricity by a small amount, so that it now is 0P\ where 
for clearness we first take OP' > OP. Let the construction be again 
completed, using the same axes OX and OY, and the same original 
O. We will get a new travel-circle SP'R^, which will cut OM, 
the fixed cut- off position of the crank, in ^/, and the axis of ^in 
5'. We will also get a new angular advance YOP' , and a new lead- 
angle SOR^, OR J being the new crank position at admission, and 
we can show that both the angular advance and the lead-angle will 
have decreased in the case assumed. For join R^ to R^, R^ to 5, 
J?/ to RJ^ and -ff/ to S^. Also drop the perpendiculars 57 and 
5' 7' from the points 5 and 5^ respectively onto R^R^ and R^RJ- 
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By construction they will be equal, being radii of the two lead* 
circles. Then will 

< SRJR^ « >^ < SOR^ (both subtended by arc 5/ej, 

< SRIRJI ^%< S'ORJ (both subtended by arc S'RJ), 
But 

R^S sin < SR^R^ = 57; 

RJS' sin < S'R^RJ ^ST; 
so that 

RS : R/S' = sin < S'R/RJ : sin < SRR. 



c a ^ e a 



Now it is evident that R^S and R/S' are parallel ; hence 

R^S : R/S' - OR^ : OR/, 
and therefore 

sin < S'RJRJ : sin < SR^R„ 

- sin ^ < S' OR J : sin J^ < SOR^ 

= OR, : OR' = OP : O/*, 

or, in words, the sines of half the lead-angles are inversely propor- 
tional to the corresponding eccentricities. And since the lead- 
angle decreases with increasing OP, the angular advance must do 
the same. It will be seen further that the decrease in the former, 
RJOR^, equals twice the decrease in the latter, POP'. For 

<POP~< RJR: 0-< RJip, ( I ) 

since PO is perpendicular to /?,•/?,, and P'O to R,'R,'- Also 

< SLTm, i8o° - (< R^OL + < LR.fi), 

< S'LT = i8o° - (< R/OL' + < L'RJO), 
whence 

< SLT- < S'L'V^ < L'R/0 - < LRfl 

= <R:r:0-<R^R,0. (2) 
Now the triangles OR 'R ' and OR R are isosceles. Hence for 

c c a 

the first 

< OR'R' = < OR'R! = < OR'U, 

and similarly for the second. But 

< 5Zr- < LOR^ + < Zi?„(9, 

< S'L'T = < Z'<9i?„' + < L'R/0, 

whence, subtracting and substituting from the above, 
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< SLl - < S'UT = < LOR^ - < L'ORJ 

- {< RJ R: - < R^R^O), 
or by (2) 

< LOR^ - < L'OR: = 2(< R:r: 0-< R,R,0). 

whence finally, by (i), 

< POP^ = }4(< LOR^ - < VOR^) 

which we started out to show. This being the case, then, let us 
assume the increase OP — OP in the eccentricity very small. We 
have seen that there will be a corresponding small decrease in the 
lead-angle and in the angular advance ; and if OP is varied con- 
tinuously, these angles will also vary continuously. There will 
also be a slight increase in the steam-lap from ON^ OQ to ON' 
=s OQ'. The question then is, whether the difference OQ! — OQ 
will equal OP — OP. To investigate this point, we draw the lines 
FQ' and PQ^ which are evidently both perpendicular to OM. 
Then will 

(90- OP cos <POQ, 
OQ' ^OP' cos <P'OQ' 

= OP' cos (< POQ - < P'OP) 
= OP' cos <POQ cos < POP 

+ OP' sin < POQ sin < P'OP, 
and 

OQ' - 0Q= OP' cos <POQ cos < P'OP 

+ OP' sin < POQ sin <P'OP^ OP cos < POQ. 

But we can evidently assume the increase in the eccentricity so 
small that we may place cos < POP ■= i , and sin < POP^o, ob- 
taining thus 

OQ' ^OQ^ (OP' - OP) cos < POQ, 

which shows that when the eccentricity is slightly increased from 
the value OP^ the steam-lap, although it also increases, will do so 
to a less degree, and evidently this will be true whether OP — OP 
is infinitesimal, as we have taken it, or finite ; for a finite quantity 
may be considered as consisting of an infinite number of infinitesi- 
mal parts, and for each of these parts the above discussion will 
apply. Hence it is plain that no eccentricity greater than OP 
could possibly give a maximum port-opening equal to PN with 
the given lead and cut-off angle ; it would be larger. And simi- 
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larly it ma>* be shown that with the same lead and cut-off given, 
any eccentricity smaller than (^P would make the port-opening less 
than the required PN, There is then but one possible solution to 
any given case, which proves the correctness of the assumption 
previously made in regard to the sufficiency of the given condi- 
tions. 

Having thus proved that the stated problem can have but one 
real solution, we are now in position to show how this solution 
may be effected. The construction will be as follows (Fig. 4) : 
Select any line AB as axis and on it a point O. With as 
centre, and with a radius equal to the given maximum port-open- 
ing, describe the arc UQ. Draw the line OR^^ making with AB the 
given cut-oflF angle RpB. Draw CD parallel to AB, and at a per- 
pendicular distance from it equal to the given lead. Let CD cut 
the line OR^ in (7. Through (y draw the bisector O'L of the angle 
RP^C On this bisector find, by trial, or by the method to be de- 
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scribed below, the centre Mof r circle ZNZ^ which shall be tangent 
to the lines CD and Rfi, and to the arc UQ on the outside. Join 
(3 and M; OM v/ill pass through the point of tangency A^of circles 
ZNZ^ and UNQ, and its length will equal the eccentricity on the 
scale of the diagram, 1. e., it will equal one-half the required least 
travel satisfying the given conditions. Knowing, then, from our 
construction the eccentricity, and from our given values the lead 
and the angle of cut-off, the diagram may be drawn by methods 
previously discussed, and which need not be repeated here. 

Proceeding in the manner detailed above, we may solve the 
stated problem. To prove the correctness of this method, we 
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must recall in the first place that, as mentioned before, we need 
but demonstrate that the steam-lap as found from the completed 
Diagram will, in any given case, equal the radius MN ol the circle 
ZNZ. For we have shown that there is but one possible solution 
satisfying any one set of given values, 1. ^., there is but one steam- 
lap, and but one eccentricity corresponding to a certain lead, a 
certain maximum port-opening, and a certain angle of cut-off. 
And the eccentricity minus the steam-lap must necessarily equal 
the maximum port-opening. Since, then, OM (Fig. 4) is the 
eccentricity we use in drawing the Diagram, and ON is the fixed 
value of the port-opening as given by the conditions of the prob- 
lem, if our construction be correct, the lap obtained therefrom 
must equal MN, It will devolve upon us, therefore, to show that 
such is the case. 

To accomplish this result we shall consider first the general case 
illustrated by Figs. 5 and 6. These two figures are constructed in 
the same way, and corresponding points are lettered equally in 
both ; the difference lies in the fact that in Fig. 5 the points Jf and 
O lie on opposite sides, and in Fig. 6 on the same side of the 
line CD. They illustrate the two cases which may arise in draw- 
ing a figure according to the following specifications : Let there 
be given two parallel straight lines AB and CD at any given 
distance apart, and a third line O V making any angle whatever, 
other than o^, with these two lines, and cutting AB in O and CD 
in 0\ between O and V. Bisect the angle CO'Vhy the line L0\ 
and prolong LO' to its intersection /with AB, Next draw through 
O a second line cutting LI in a point M^ where M is an entirely 
arbitrary point restricted only by the condition that it must either 
coincide with the foot of a perpendicular drawn from O onto LI, or 
must lie on the same side of the foot of this perpendicular as does 
0'\ in other words, OM must either be perpendicular to LI, or, if 
inclined, its inclination must be such as to let it cut Lion a special 
part of that line. It will be seen that in the above no restriction 
has been made as to which side of 0' on Z/, M will be situated. 
In fact. Figs. 5 and 6 show the two possible cases which may here 
arise. Further, it is evident that if the length of OM be known, 
the position of J/ will be entirely determinate for any given case. 
Suppose, then, that we have fixed on this point M. Let us draw, 
with as centre, a circle GPAT through M. Its radius will be OM. 
Let it cut OViti R^ (on the side of F), and AB in U and 5, where 
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5 is the intercept included in the angle made by the lines O^D and 
CyO produced. Now describe, about this point 5 as centre, another 
circle WZ which shall be tangent to CD in a point T' ; evidently 
its radius will equal the perpendicular distance between AB and 
CD. Through R^ draw a line tangent to WZ in T^ 7" being on the 
opposite side of AB from R^ (or, in cases where both points of 
tangency of lines from R^ lie on the same side of AB as does R^, 
which, under certain circumstances, might happen, we define T'as 
that point of tangency which falls inside of the circle GPK, a con- 
dition which evidently corresponds to the one given above). Let 
Rjr^ prolonged or not, as the case may be, cut CD in S^ and GPK 
in R^. Then it may be proved that RJi^ is parallel to OM, as we 
shall now proceed to show. 

Let us draw 57^ and 57 ' ; they are necessarily perpendicular 
to RR^ and to CD respectively, and are, by construction, equal. 
Also let OM{\n Fig. 6, OAf produced) cut CD in E. If, now, we 
draw through 5 and S^ a straight line, we may show that this 
line will cut the line LI in the point M^ and having proved this it 
will then be easy to demonstrate the parallelism of RJi^ and OM. 

Let us proceed to establish these two theorems. Let us assume 
for the present that the line drawn through 5 and S' will in all 
but special cases (to which the following proof is not intended to 
apply as will be shown below) cut LI in some finite point M^^ and 
let us assume further that this point M will lie on the same side of 
the foot of a perpendicular from O onto Z/as do ^and 0\ and 
on the same side of CD as does M. All of these assumptions 
will be proved below, where it will also be shown that the case 
represented by Fig. 5, namely M and O on opposite sides of the 
line CD^ is the only one that can occur in an actual valve-gear 
design. We shall, therefore, in the following refer only to that 
figure. 

This being understood, let us join O to the point M^, wherever 
that point may be located, and let us call the intersection of OM^ 
with CD, E^. Then we have in the first place 

ST^ ST\ 

so that the triangles S'TS and S^TSy being both right-angled and 
having the side SS in common, must be equal in all respects. SS^ 
therefore, bisects angle DS'7, and hence also angle R^S^E^; thatis, 

< R^S'M, = < M.S'E,. (3) 
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Again, since AB and CD are parallel, 

< Mfi'E^ = < CIO ; 
also 

<00'/'^<R^O'M^. 

so that, since Mfi' bisects angle Rp'C, 

< 00'/ = < O'/O, 
and hence 

00' = Of. (4) 

Now, from the parallelism of AB and CD we can deduce the 
following proportions : 

M^E^ : M,0 = ^,5' : 05 ; 
J/,^', : M^O =- J/,(7 : MJ; 
M^O' : -^,7= ^C : 01. 

From the first and second we find 

Mfi' : M/= E,S' : OS, 

and combining this with the third, we get 

£,<?' : 01= E^S' : OS, 

and from this, remembering equation (4) and that OR^ « OS, we 
obtain finally 

E^O' : 00' = EiS' : OR,, 

which proves that R^S', or R^R,. is parallel to Mfi. 
But this being the case we must have 

< R^S'M, = < S'M,E„ 
and hence, remembering (3) 

< M^S' E^ = < S' M^E,. 
Triangle M^E^S' is therefore isosceles, and 

M^E^ =. E^S'. 
Hence in the proportion 

M^E^ : E^S' = M^O : OS 
the two quantities in the first member are equal, and therefore must 

J/jC =. OS. 
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But thereby, remembering the assumptions previously made, M^ is 
determined as that point on the line LO' which is also situated on 
the circle GPK. Hence M^ must coincide with M, and since we 
have shown that RR^ is parallel to OM^, it is now proved parallel 
to OM, as we started out to show. 

It now remains only, in order that the above demonstration may 
be rigorous and complete, to establish the correctness of the as- 
sumptions previously made with regard to the location of the point 
M^, namely, that in all but certain special cases, M^ will lie on LI 
on the same side of the foot of a perpendicular from O onto LI as 
do M and 0', on the same side of CD as does M, and at a 
finite distance from O; and we must show further that in all 
those cases mentioned above as ** special/' in which, as we shall 
see, M^ becomes either indeterminate or a point at infinity, the 
parallelism of RR'^ and OM may still be established. The 
question that i;s to be answered, then, is the following: Suppose 
we draw a straight line of indefinite extent through 5 and S' ; 
will that line cut on any part of its length the line LI, and if so, 
on what part of LI will the point of intersection, which we denote 
by M^, be situated ? As a first step towards solving this problem, 
let us join in Figs. 5 and 6 R^to S and to I/, and let us draw 
the bisector 0/ of the angle RpU. Then will, evidently, OJ be 
parallel to LI, these two lines being bisectors of equal angles with 
parallel sides. Again, OJ must be perpendicular to R^ U. But so is 
R^S, since angle URSis inscribed in a semicircle. Hence OJ is par- 
allel to R^S, and therefore RJS must be parallel to U. It is evident 
then, that SS must cut LI at some finite point, unless S^ is situated 
on RS or on that line produced as the case may be. Now for 
finite OR^ and OS this can happen only if RJi^ coincides with R^S, 
or if S coincides either with 5 or with R , A little consideration 
will show that the first two cases are identical; for if RR^ coincides 
with R^S, the radius of the circle WZ must be zero, that is, CD 
must coincide with AB, and the same must be true if S' coincides 
with S, since S^ is necessarily situated on CD. Under either con- 
dition the direction of the line SS^ becomes indeterminate. How- 
ever, it will be seen that when CD coincides with AB, then will O^ 
coincide with 0, and OM vfiih LI; and since LI has been proved 
parallel to R^S, which now coincides with R/i^, the parallelism of 
OM and RR„ is immediately evident. We may hence disregard 
this case, and in the following assume ST to be of finite value. 
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This leaves then but one of the " special " cases to be considered, 
namely that for which S coincides with J?,. Under these circum- 
stances it is plain that CD must pass through R^^ (y must coin- 
cide with R^ and with -Af, and OM with Rp. It is easy to show 
that then OM will also coincide with RJR^- For prolong Rp be- 
yond O^ and drop on it a perpendicular from 5. Call the foot of 
this perpendicular X. Remembering that CD now passes through 
R^^ SVR^ is a right-angled triangle, and we can show that it is 
equal in every respect to triangle SXR^, For it is evident that 
when (y coincides with R. LI will coincide with RS. Now in 
Figs. 5 and 6 we have by construction 

<00'I^ <IO'D, 

and this will be true under all conditions. Hence, in our special 

case, 

<OR^S^<SRp, 

and since the two triangles under consideration have the side R^^ 
in common, they are equal. Hence will 

ST' = SX. 

But then the circle WZ must be tangent to RJC at X, which means 
that RX will be identical with the line RR as defined above. 
And since RX coincides with Rp^ and OM coincides with Rp^ 
we see that when 5' coincides with R^, i. e,, when O' is on the cir- 
cumference and coincident with M, then OM will coincide with 
R^R^' It will be plain that the above conditions mark the dividing 
line between the cases shown in Figs. 5 and 6 respectively. 

Having thus shown that whenever S' is situated on the line 
R^S, the point M^ becomes indeterminate, but that none the less 
the lines OM and R^R^ niay be proved either parallel or coincident, 
we are now in position to consider the general case — the case, be 
it mentioned, to which the demonstration given on pp. 317 to 
319 applies — when S' is on CD as before, but not on R^S. It has 
been previously shown that these conditions require the radius 
57' of circle IVZ to be finite and either greater or less than, but not 
equal to, the length of a perpendicular from R^ onto AB. It 
has also been shown that if this is the case, the line SS^ will 
cut the line LI in some finite, determinate point M^, We must 
now investigate the location of this point M^ on the line LI. 
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Consider first the case when the perpendicular dropped from 
R^ onto AB is longer than the radius 57 of the circle IVZ, This 
is evidently the case illustrated by Fig. 5. If we call the length 
of this perpendicular /, then / must be greater than zero (alge- 
braically), since 57^ cannot be zero, and p by assumption is 
greater than 57, and since further R^ is to lie on the same side of 
AB 2LS does CD, which we shall take as the positive side of the 
axis AB, Also / cannot be greater than + r, if we denote by r 
the radius of the circle GPIC. This being understood, we know 
that for 57^— o, and only for that value of 57, RR^ will coincide 
with R^S, and its intersection with AB, which, for convenience, we 
shall call x, will coincide with 5. Again for 57 = p, and only 
then, RR will coincide with R O, and x with O. Hence, for a 
fixed R^, for any value of 57 intermediate to zero and /, x must 
lie somewhere between and 5. For suppose R^ is fixed, and we 
start with a value of 57" infinitesimally greater than zero, and a 
corresponding x. Then, as we increase 57 by small increments, 
X will change its position, and the amount of change will be 
proportional to the amount of increase of 57. If this amount of 
increase is infinitesimal, the change in the position of x will also 
be infinitesimal. In other words, as ST varies continuously from 
zero to a value as near to / as we please, x will also vary continu- 
ously, and it must vary between the limits and 5. For during 
this continuous variation x cannot pass through either of these 
points without coinciding with it for some value of 57", and this, 
by assumption, is impossible, since the limits of 57" are such 
that for no value between these limits can x coincide either with 
O or with 5. It will be seen then, that in the case shown in Fig. 
5, when R^ and AB are on opposite sides of CD, or, what is the 
the same thing, since M and R^ must evidently lie on the same 
side of CD, when M and AB lie on opposite sides of CD, x must 
fall between O and 5. Hence 5', the intersection of RJi^ with 
CD, must lie between 0' and N, the intersection of R^S with CD. 
Now it has been proved above that R^S and LI are parallel, and 
we have just shown that S' lies between these two lines. 
Hence it is evident that if we draw a line through 5 intersecting 
these two lines, the points of intersection will lie on opposite sides 
of y. In particular, if we draw the line SS' and continue it to its 
intersection M^ with LI, then 5 and M^ will lie on opposite sides 
of 5^, and hence also on opposite sides of any other line drawn 
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through S not coincident with SS. It is, therefore, proved, that 
for the case shown in Fig. 5, when J/ and lie on opposite sides 
of CD^ M^ and 5 will also lie on opposite sides of CD^ and there- 
fore M^ must lie on that part of LI which is beyond the foot of a 
perpendicular from O onto Z/, beginning at /, since the foot of 
this perpendicular will necessarily fall between O and /. 

The assumptions previously made with regard to the position of 
M^ are hence confirmed for the case shown in Fig. 5. An entirely 
similar line of reasoning could be employed to prove its correct- 
ness in the other case, namely that of Fig. 6. However, it is 
easily shown that we need not consider these conditions further. 
For here evidently x must fall between O and U. It results there- 
from that the foot ^ of a perpendicular from O onto RR^ will lie 
on the opposite side of AB from CD when angle RpS is greater 
than 90^, and it will lie on the same side when RpS is less than 
90^. Neither of these conditions can occur in a valve-gear de- 
sign, and it is to be remembered that the general theorem we 
have proved on the preceding pages has for its primary object the 
demonstration of a certain construction in the theory of the Zeu- 
ner Diagram. . For it will be seen from the following that o and 
CD on opposite sides of AB would mean a negative steam-lap ; 
while angle RpS less than 90^ would mean a cut-off angle of less 
than 90^, and, in fact, in Fig. 6, cut-off before admission, all of 
which conditions are evidently impossible in practice. 

We may then consider as rigorously proved that when a figure 
is constructed as detailed on p. 315 above, the lines OM 2xA RR^ 
will be parallel under all conditions to which the theorem will be 
applied in the following discussion. And this being the case, it 
will be plain that if we drop perpendiculars from R^ onto OM^ from 
M onto Rp^ and from on to RR^^ then all theseperpendiculars, 
RH, MH\ and Oo, will be equal to each other. For evidently, 

Oo = R^H, 
and 

RH= MH', 

c ' 

so that 

MN' = Oo. (5) 

We shall see that on this last equation hinges the proof for the 
correctness of the valve-gear Diagram construction detailed on 

p. 3M- 



PROBLEMS IN VALVE-GEAR DESIGN. 323 

Let us return to the problem there discussed. It was : To find, 
by means of Zeuner's Diagram, the minimum travel corresponding 
to a given cut-off angle, a given lead, and a given maximum port- 
opening. We gave a method of solving this problem, but no proof 
for the same. We found however, that (Fig. 4) this proof would 
be furnished when it had been shown that the steam-lap as given 
by the completed Diagram equalled the radius NM of the circle 
ZNZ', We thereupon proceeded to prove a certain general prop- 
osition in geometry ; and we shall now show how this proposition 
may be used to furnish the desired demonstration of our problem. 

Compare Figs. 4 and 5. In Fig. 4 the lines AB and CD are 
parallel and are distant from each other by the given amount 
of the lead on the scale selected for the design. They correspond 
to lines AB and CD in Fig. 5, and the lead to ST, RjOS in Fig. 
4 is the given cut-ofT angle ; it corresponds to angle RfiS in Fig. 
5, which, we remember, was arbitrary. LCy in both figures bisects 
angle Rp'C In Fig. $ we thereupon selected any point -Af on L(y^ 
and we showed that a line drawn through O and M would be par- 
allel to a line drawn through ^^ tangent to a circle IVZ(Fig. 5) 
drawn about 5 with a radius ST. Let us select, then, this point M 
in such a way that it will form the centre of a circle ZNZ' (Fig. 4) 
tangent to the lines C(y and Rp'y and to a circle UNQ whose radius 
is the maximum port-opening. The proposition will still be true ; 
and hence, by equation (5), a perpendicular from M onto Rp' will 
equal a perpendicular from O onto a line drawn through the inter- 
section olRp' with circle GMS tangent to a circle drawn about S as 
centre with a radius equal to the lead. But evidently the perpen- 
dicular from M is the radius of circle ZNZ' ; and by a proposition 
given on p. 309, the perpendicular from is the steam-lap as given 
by the Diagram. In other words, the steam-lap, as furnished by 
the completed Diagram, equals the radius NMol circle ZNZ', and 
this proves the correctness of the construction detailed on p. 314, 
for finding the least travel to suit given conditions of lead, cut-off, 
and port-opening. 

Herewith the main object of the present paper is accomplished. 
It remains now only to describe a method for finding graphically 
the centre M of the circle ZNZ' (Fig. 4), which circle, we remem- 
ber, is to be tangent to the lines CD and Rp, and to the arc UQ. 
This problem, although of a purely geometrical character, may be 
nevertheless of interest to the designer. The author is not aware 

VOL. XXIII.— 93. 
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of any published simple solution ; he therefore ventures to suggest 
the following, which, though approximate, will be found very easy, 
and, in all practical cases, sufficiently accurate. 

Before entering on this subject, however, it may be well to state 
the limits within which the different variable elements of the Dia- 
gram must lie. Referring again to Fig. 4, it will be seen in the 
first place that angle RpB cannot ordinarily be less than 90^. 
For the Diagram will be applied mainly to simple slide-valve 
design, and here with a cut-ofT angle of less than 90^, the events 
of the stroke become so much distorted, and the port-opening 
becomes so ridiculously small in comparison with the steam-lap and 
with the travel, as to preclude a successful working of the valve. It 
may be argued, of course, that these statements are contradicted 
by link-motion valves. But let it be remembered that in such 
cases the Diagram is always laid out for maximum cut off, which 
is always greater than half-stroke. We may, therefore, in the fol- 
lowing safely assume the lower limit of angle ROB to be 90^. 
The upper limit will depend on the distance between AB and CD 
as compared to the radius 0M\ for we have found that when the 
intersection of Rp with arc GS falls between AB and C7?, the 
design would give a negative steam-lap, which is impossible. The 
upper limit for RpB will therefore be reached when (^ falls on the 
intersection of CD with arc GS. But in this case the radius MN 
of circle ZNZ' is zero, so that the upper limit for angle RpB with 
a given lead and port-opening is reached when O' falls on the inter- 
section of CD and arc UQ. The lead and port-opening, of course, 
have no definite limits, but it will be safe to assume that the former 
will in ordinary practice not exceed one-fourth of the latter. 

Remembering these restrictions, then, let us consider Fig. 7, 
which represents a typical case. Let XX' and CD be two lines 
drawn parallel to each other at any given distance apart. Let PO 
be drawn through CD to on XX', making any angle POX less 
than 90° with XX. Call its intersection with CD^ O. About 
as centre describe a circle UQ with a radius greater than 00'. So 
far, it will be seen, we have merely the first steps in the construc- 
tion of Fig. 4. We now wish to find a method for determining 
the centre -Af of a circle tangent to CD, to PO, and to arc UQ on 
the outside. 

Evidently the centre of this circle must lie on the bisector of the 
angle PO'C; draw this line O'H therefore. Select on it any point 
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whatever if, but such that the perpendicular distance from M' to 
CD will be greater than the distance AfN' measured on the line 
OAP from M to the intersection iV of MO with arc UQ. The 
reason for this restriction will appear later. About M as centre 
draw a circle tangent to O'C; it will be tangent also to O^P^ but 
not to UQ, For if it were, the point of tangency would evidently 
be at iV, and therefore M'N' would equal the radius of this circle, 
which, by the restriction imposed above, is impossible. Let then 
this circle cut OM' in Z', and call UN', q. Then if we lay off along 

p 

Y 

zr 

H 




Fig. 7. 

O'M a distance q from AT towards O', we get a second point 
M"; and it is evident that if about M" as centre we draw a second 
circle tangent to O^C and to O'P, this circle would be tangent 
to UQ if it were not for the fact that the radius has now shortened, 
and further, that the point of tangency with UQ shifts slightly as 
the centre of the tangent circle changes its position on O^H. That 
is to say, if the second auxiliary circle were tangent to UQ, it 
would be tangent, not at N'^ but at N", the intersection of OM" 
with UQ, We shall refer to this fact below under the term " shift- 
ing of the line of centres." For the present, however, let us neglect 
the effect of this shifting, and assume that if the radius of the 
second auxiliary circle had been the same as that of the first, the 
former circle would have been tangent to UQ if its centre is found 
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as described above. Now, as a matter of fact the radii are not 

equal, that of the second being less than that of the former by an 

amount equal to 

q sin (p 

if we denote by ^ the angle HCQ For suppose we draw the per- 
pendiculars M'S^ and M'^S' to (yC. They are the radii respec- 
tively of the two circles about M' and M'\ Then 

M'S' = O'M' sin ip ; M''S'' = O'M'* sin ip. 
Hence 

J/'5' - J/"5" = (O'M - CyM'') sin cp 

:= ^ sin ^ 

by construction, which proves the statement made above. It is 
therefore evident that we must again approach the centre.to 0* by 
an amount equal to q sin <p. Drawing about this new point a third 
circle it will be found as before to have approached to UQ^ but, for 
the same reason as in the previous case, not to be tangent to UQ. 
Neglecting again the effect of the shifting of the line of centres, it 
will be plain that the distance now between this circle and UQ 
measured along the line of centres is (^ sin <p) sin f>, since evidently 
that is the amount by which the radius of the third circle is less 
than that of the second. We must, therefore, find a fourth centre 
for a fourth circle in the same manner as before. Continuing this 
process indefinitely, we finally obtain a point M^ about which if 
we draw a circle, that circle will be tangent to CyP^ to OC^ and to 
arc UQ ; and from our previous reasoning, it will be evident that 
this point M is distant from M' along the line O'H by 

q •\- q siXiip '\- q sin* ^ + 9 sin* ^ + • • •. 
This is a geometric progression whose sum is 



I — sm y> 

Our problem is hence reduced to that of laying ofT graphically 
a distance represented by the expression at the end of the last 
paragraph. Now this is easily accomplished. For consider Fig. 
8. Let here the lines XX\ CD, OP, and O'H, and the arc UQ, be 
drawn in the same manner as in Fig. 7. Let further the centre 
M' of the first auxiliary circle have been selected, and let that cir- 
cle have been drawn as previously detailed, and let the points U 
and N' have the same significance as before. Now lay oflf on 
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CH any length (^E and call it d\ also lay off from <y towards 
C on CC a distance (yR equal to L'N' » q. Then if from E 
towards (y we lay ofT £5 equal to the length of a perpendicular 




Fig. 8. 



EI from E onto 0C\ join R and 5, and through E draw a line 
parallel to RS to its intersection G with dT'C, then (7(r will equal 
^ -i- (i — sin f) on the scale of the drawing. For we have 



and hence 
so that 
But 
or 
whence 



<EO'C^ip)EO'^d, 

EI^ d sin ^, 

0'S^d{\--smip\ 

aE'.O'S^O'G'.O'R, 

d:d{i — sin (p) =* O^G : y, 



O'G^ 



dq 



d{i — sin ip) I — sin if 



We obtain then finally the following 

Rule: When there is given an angle less than 90^, a circle 
with its centre at the vertex of this angle, and a line parallel 
to one side of this angle and cutting the other side in a point 
(y interior to this circle » and we wish to find the centre of a 
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circle tangent to the sides of the angle whose vertex is at (y 
and to that part of the given circle which is included between 
the sides of thi3 angle on the outside, we proceed as follows: 
Bisect the angle whose vertex is at ^, and on this bisector select 
any point M' nearer to the sides of the angle than to the given 
circle as measured on a line from M* to the centre of that circle. 
About M' draw a circle tangent to the sides of the angle, and 
measure the distance between the two circles on the line joining 
their centres. Lay off from O* on either side of the acute angle 
with vertex (y a length (yR equal to this distance, and on the 
bisector of that angle any other convenient length O'E, Drop 
from the point E last found a perpendicular onto either side of 
the angle and lay off its length from that point towards O on the 
bisector. Join the point thus determined to the point R pre- 
viously fixed, and through E draw a second line parallel to this 
first line. Then measure the distance from (y to the inter- 
section of this second line with the side of the angle on which R 
is situated, and lay off the distance so found from M' towards 
O' on the bisector. The point thereby determined will be the 
centre of the required tangent circle. 

This rule, it will be seen, gives a very easy method of solving 
the problem. It is only approximate, however; for it must be re- 
membered, that in deducing it, the effect of the shifting of the line 
of centres was entirely neglected. It will therefore devolve upon 
us now to find the amount by which the result will be in error, 
and to show that this amount will never be sufficiently large to 
vitiate a practical valve-gear Diagram drawn in accordance with 
the method detailed above. 

To accomplish this result, we shall have to find the actual dis- 
tance between the centre of the first auxiliary circle and the true 
centre of a circle tangent to O'P, to (yC^ and to UQ^ and compare 
this value with that given by the formula ^ -4- (i — sin ^). As will 
be seen from the following, this true distance will appear in the 
form of a converging series, which differs in its sum but slightly 
from the geometric progression by which we have approximately 
expressed it above. 

Let us return to Fig. 7. Let us there erect at O a perpendicu- 
lar Fcutting CD in F^ and let us call the directions OX^XiA O Fposi- 
tive, so that YOX is the first quadrant. Suppose, now, that we 
have selected the point M' in accordance with previous instruc- 



PROBLEMS IN VALVE-GEAR DESIGN, 



329 



tions, and that we have drawn the circle Z^ Z/ (the first auxiliary 
circle), and further, that we know the true centre M of the required 
tangent circle ZZ\ Draw the lines OM^ and OM; the former 
cutting UQ in N' and Z^ Z/ in L\ and the latter cutting both UQ 
and ZZ^ in the common point of tangency N, Since O and 0' do 
not coincide, these lines will not coincide ; in fact it is this non- 
coincidence which makes the rule on p. 327 only approximate. 
Next drop the perpendiculars M'T' from M' ^ and Ml from M 
onto XX' and let them cut (yC in S' and in 5 respectively. Evi- 
dently S is the point of tangency of Z^^^ and 5 that of ZZ' with 
O'C, Then, if we call, as before 



and further 



and finally 
we have 



Z'iV, y, and <HO'C,if, 

OiV^(radius of UQ\ R, 
J/5(radius of 2Z'), r, 
il/'5'(radiusofZiZ/),f^, 

or, ^, 



But 



and 



c'^ = OS/'* ~ WT'\ 

OM^ R + r, 
OM' ^R + q + r', 



MT^r + b, 

M'T'^r' + b', 
so that, substituting, 

^ « /? + r« + 2/?r- H - <J* - 2r^, 

c'^^R^ + q' + r'^ + 2Rr' + 2Rq + 2r'q - r'' - ** - 2r'/>, 

or, s implifying, 

^=:jf?+ 2Rr-^fi-^2rb, (6) 

^'2=;?+^+2i?r' + 2/?^+ 2r'y-*2-2r'*. (7) 

Let us change the form of these last two expressions. We have, 
since angle H(yC^ f>, angle P(yC= angle POX = 2^. Hence 

O'F^ b tan (90° - 2<p) 

= ^ cot 2f . 
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Also 



So that 



M'S = r' = aS' tan y 

« {FS - 6>'i^) tan p. 

r' as (^r' — ^ cot 2f ) tan ^ 

(, cot* f — I \ 
</ — * ^^-7 — Itancp 
2 cot f / ^ 

= ^ tan f — ^^ + ^^ tan' f , 
and similarly for r. We get then the two expressions 

r = ^: tan ^ — ^^(i — tan* ^), (8) 

r' =s r' tan f — ^^(i — tan* ^ ). (9) 

Introduce these values in (6) and (7). The former becomes 

^=: /? + 2R\c tan y — >^*(i — tan* ip)\ 

— ^ — 2^[^ tan ^ — ^^i — tan*f)], (10) 
and the latter 

^:'2 = i? + ^ + 2/e[^' tan if - >^^(i - tan* f>)] 
+ 2^^ + 2^[^ tan f — y^bi} — tan* f)] 
_ ^ _ 2*[^' tan ^p — y2b{\ — tan* f )] . (11) 

These expressions can be simplified. Let us select (11). It re- 
duces to 

^*— 2c' tan ip{R Jf- q^b)^ 

R* + q^+ 2Rq - ^ - ^i - tan* f ) (^ + y - b\ 

Solving this equation, we get 

^' == (ie + ^ — ^) tan f zh v^ [^ + j^ + 2Rq — ** 

-*(i -tan*f) (^ + ^-^) 
+ (/e + ^ _ ^)« tan* f ]. (12) 

Now cf is to have a real value ; will the above equation make it 
so for all values of ^ ? To answer this question let us write the 
expression under the radical in the form 

[(7? + ^) (7? + ^) - ^ - *( I - tan* f ) (/? + y -b) 

+ (/e + ^-.^)«tan*f. 

We remember that R is, by condition, greater than b, and that these 
quantities as well as q are positive. Therefore R-^- q must be the 
same, and greater than b. Hence (^ + ^ — ^) is positive, and so is 
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[R + q^ — ^. The term — ^i — tan VX^ + ^ — *) is therefore 
the only one which can be negative, and it will be so only when 
tan ^ < I , I. e.<^ when f < 45^. The greatest negative value it can 
have, therefore, is for f a o. But then the total expression becomes 

^(R^qiR^q)^{R + q)b, 

and since (^ + ;)>^, this is evidently positive. Equation (12) 
will therefore always give a real value for ^. 

That being the case, we ask, what sign shall we select for the 
radical ? The above investigation furnishes the answer. For since 

ip + ^ + 2Rq ... ^ «. ^i _ tan V)(^ + ^7 — *) 

is necessarily positive, the value of the radical must evidently be 
greater than 



s/{R + q^bf tan^ ip ^{R + q ^ b)Xzxi<p. 

Since then, for the present case, c' is positive, we must select the 
positive sign. In fact, a little consideration will show that the 
negative sign gives the value which ^ would have had, if angle 
PCD had been bisected, and not angle WC We shall, there- 
fore, in the following consider the equation 

^^ = (i? + y — /J)tany> +^[^+^ + 2Rq — ^ 

— b{i — tan* ip){R + y — *) 

+ {R + q^byt;iV?ip]. (13) 

This expression may be simplified as follows : The polynomial 
under the radical may be written 

{R^q)^^l^^b{R+q) + l^ + b{R + q'-b) tan* if 

+ (^ + ^ — b){R + q^b) tan* <p 

= (7? + qf - b{R + q) + tan* f{R+q- b){R + q) 

= (/? + q)\i + tan* ip)^b{R + q){i + tan* f) 

^ sec? f[{R + qy^b(R + q)], 

so that finally 



^r' = (i? + ? — *) tan f + sec ^ \/(R + qf — b{R + q). (14) 
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By an entirely similar line of reasoning we get from (lo) 

r « (^ — 3) tan ?^ + sec ?> >/F? — bR. (15) 

Subtracting (15) from (14), we have, then 



^'-^=sytan^+ \y{Rj^q)^^l^R^q) 

- s/ R}-bR'\ sec f. (16) 

Now evidently, the distance between the centre of the circle 
Z,Z' and that of the circle ZZ is 



'l^^X 



M'M^ (^ — ^ ) -5- cos f , 

and this expression will be theoretically correct, for in finding c 
and ^ we have assumed the position of J/ as known, and we have 
taken account of the shifting of the line of centres. We have 
then, from (16), for the true value of M'M^ 

qsvci^ 



^'^=l^+ro?^c^(^+^)*-'^^+^) 



-s^f^-bR-\, (17) 

and it is the value of this expression which we must find. 

We proceed as follows: Expand the two radicals by the 
binomial theorem. We get for the first 



= (^ + 4'~*^~^(^' 



-^{R + qf- T^ir {R + qf " \ 



Let us investigate this series : In the first place, we see that it is 
convergent ; for /? + ^ > ^, and it is a well-known theorem that 
the series 



I — ;tr — ;r* — JT* — 



is convergent when ;jr < i . We see secondly, that each term after 
the first is negative; for all even terms contain an odd number of 
negative factors in the coefficients, and all odd terms contain an 
even number of these factors. Finally, we see that all the numeri- 
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cal coefficients after the third are less than ^, for each one is ob- 
tained from the coefficient of the preceding term by multiplying 
the latter by a quantity less than unity. 

Expanding the second radical of (17) we find 



16 j^s la? yji " ' Y 



a series to which all the above remarks apply. The two series 
being convergent, then, we may subtract one from the other and 
find another convergent series as below : 

and since each of the numerical coefficients is equal to or less 
than \, the sum of this series is less than the sum of 

9 ' {R + ^y (Ji + ^y 



-^{~-. + r^-r^ + r.-^.+ 



~^ * ifei (/e + y)- ■'"^ ill 7?" 
1 ^ ^ 1 ^ 



Ji+ q—b ^ R — b 

(R + g- bXR - d) 
We find then finally, that the length MM will differ from 



-y+i .o. . L. .V 09) 



^ sin ? ^ _q 
cos^ if cos* ip 



by less than 

1 ^9 ( \ 

* cos* ip{Rj^q- b){R''^)' ^^^^ 

Now, in an actual valve-gear Diagram, <p cannot exceed 45^, as 
we have previously remarked. Further, the radius R of the port- 
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opening circle will not ordinarily be drawn on a scale so small as 
to make it less than i inch. The first auxiliary circle can always 
be so selected as to make q not ovef ^ inch, that is, in the most 
unfavorable case liable to arise in practice, not over y^R. bt 
finally, will in a slide-valve rarely, if ever, exceed J^T?. The 
largest value, then, which the above fraction can ever be expected 
to have, will be 

8 * (i? - {R){R + ^R - \R) ' cos" 45° 240 ^ cos« 45° 

R ] 



I 20 I 20 



inch 



if -^sBs i'\ And that the above is the largest value will be easily 
seen. For it is evident that as R increases, the value of the frac- 
tion (20) decreases, since R appears only in the denominator. And 
what is more, with an increasing R, both q and d decrease when 
measured in parts of ^ ; for ^ is a matter purely of construction, and 
d rarely exceeds }4" in any engine. And further it must be re- 
membered that even if the unfavorable conditions detailed above 
should occur, y^ inch would still be more than the actual error, 
since the fraction (20) is admittedly larger than the sum of the two 
radicals which it replaces. We may therefore say, that for all 
practical purposes of design, M'M\s equal to 

sin f q (sin 9+1) (sin 9+1) 

q — 2 1 2~ = ^ ^ 2 =* ^ ^ ^-j-^ 

^ cos* 9 cos* 9 ^ COST <p ^ I — sm' <p 

_ (i + s in 9) 

""^ (i + sin 9){i — sin 9) 



I —sm 9 

which, it will be seen, is the expression for the distance between 
the centre of the auxiliary and that of the required circle, when the 
latter is determined by the method described on pp. 327. 

There remains now but one more point to be mentioned, in 
order to make this discussion complete. On p. 325 we have stated 
that in selecting a point M' (Fig. 8) as the centre for the auxiliary 
circle Z^Z^'^ our choice was restricted by the consideration that -AT 
should be nearer to the side of the angle than to the arc UQ, We 
must give a reason for this restriction as follows : In the first place, 
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it is evident that M' must be either nearer to the side of the angle 
or further away from it than from the arc UQ. For if its distance 
from the side and from the arc were the same» we would have im- 
mediately the centre Mot the' required circle, and thus the entire 
succeeding work would become useless. It might, of course, oc- 
cur in practice, that the first trial would give M\ that is unlikely, 
however. Why, then, should M' be taken on the side of J/ speci- 
fied above? The reason is found in the expression (20), which, as 
we recall, is the amount by which the true distance between the 
centres M' and M differs from that distance as found by the rule 
on p. 327. For we have seen, that when the above restriction is 
placed on the position of M', this fraction will always be less than 
1^ of an inch. It can be easily shown, however, that when that 
restriction is removed, and M' should be so selected as to make q 
negative, this error, in unfavorable cases, might reach -^ of an 
inch, an appreciable quantity. Our position is therefore entirely 
justified. 

Note : Before concluding this article the author ventures to sug- 
gest the following method for finding accurately the radius of small 
lap- circles, which, to the best of his knowledge, is new. Every 
draughtsman has experienced the difficulty of correctly judging 
the point of intersection of an admission or cut-ofT line with the 
valve-circle when the lap is small, and hence the angle between 
the curve and the line minute. A simple method of overcoming 
this difficulty may therefore be of some value. It is as follows : 




RV = 0M ^ 



Fig. 9. 

Draw the travel-circle TRP {Fig. 9), and the tangent OT to the 
valve-circle at O. Continue the line whose intersection with the 
latter circle is to be determined until it cuts the travel-circle in, say^ 
R. From R drop a perpendicular onto 07 \ the length of this 
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perpendicular will then equal exactly the distance along OR from 
O to the intersection of OR with the valve-circle. The proof of 
this proposition is so simple that it need not be given here. One 
point, however, deserves mention, namely, that the method be- 
comes particularly convenient for very small laps — cases for which 
it is especially useful — for then the angle R02 becomes so small 
that we may use the length of the arc R2 for that of its sine, and 
hence need not even draw the perpendicular. And it will be seen 
further, that when once the common tangent 02 v& drawn, it may 
be used to find all four laps, a convenience not to be overlooked. 



THE CRYSTALLOGRAPHY OF THE CALCITES OF 
THE NEW JERSEY TRAP REGION. 

By AUSTIN FLINT ROGERS. 

Introduction, — ^The calcites of several different mineralogical 
provinces in America have been studied in some detail. Palache * 
has described the Lake Superior calcites. Hobbs f has given an 
account of the calcite crystals of the Upper Mississippi lead and 
zinc region. Farrington % has presented a paper dealing with the 
well known calcites from the Joplin lead and zinc district. 

The calcites occurring in the trap region of New Jersey, another 
distinct mineralogical province, have received but brief notice 
and it is my purpose in this paper to give a detailed account of 
such crystals as have come under my observation during the past 
year. The crystals have for the most part been collected by the 
writer. Some are in the Egleston Mineralogical Museum of Colum- 
bia University. Others have been furnished by Mr. Frederick 
Kato, of Jersey City, and by Mr. Wallace G. Levison, of Brook- 
lyn, to both of whom I would express my sincere thanks. 

Previous Work. — The only paper that has appeared on the crys- 
tallography of the New Jersey calcites is one by vom Rath in the 
Zeit. fiir Kryst. u. Min.§ Vom Rath describes five combinations 

*Gcol. Surv. Mich., Vol. VI., pp. 161-184. 1900. 

fZcit. f. Kryst. u. Min., Vol. XXV., 527. 

% Publications Field Columbian Museum, Geol. Series. Vol. I., 232. 1900. The re* 
suits of the writer's study of the Joplin calcites will appear in a forthcoming yolume of 
the University Geological Survey of Kansas reports. 

J Vol. I., pp. 604-614; pi. XXV., ff. 2-6. 1877. 
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from Bergen Hill with sixteen forms, of which seven are doubtful. 

Dana * has figured a calcite crystal from Bergen Hill with the 
forms {— 1^ and — | -^f), but no measurements are given. 

Occurrence, — ^The calcites described in this paper are from the 
following localities, all in New Jersey: Bergen Hill, Jersey City, 
Weehawken, Edgewater, Fort Lee, Snake Hill, Upper Montclair, 
Great Notch and West Paterson. 

They occur in veins in the trap or in the vesicular material at 
the contact between the trap and the Triassic sandstones and 
shales. 

Habit. — ^The crystal habit varies from tabular to steep scaleno- 
hedral. Prismatic types are notably lacking. Crystals of tabular 
or low rhombohedral habit are common in the Palisade trap (in- 
trusive) but have not been observed in the Watchung traps (ex- 
trusive). While crystals of steep rhombohedral or scalenohedral 
habit are present in both the Palisade and Watchung traps, they 
are relatively more abundant in the latter. 

Description of Forms. 

I. Basal Pinacaid. — ^This is a fairly common though usually sub- 
ordinate form. On several combinations from Jersey City and 
Edgewater, it is the dominant form. At these localities the basal 
plane appears as a white opaque layer terminating the crystals in 
a similar manner to those of Andreasberg, Freiberg, and other 
European localities. On these tabular crystals parting parallel to 
the basal pinacoid is observed and is often very marked. The 
parting surface has a pearly luster. 

The pinacoid is sometimes bright but it is easily affected by 
etching agents, and when at all exposed is corroded or etched. 

2-3. Prisms. — The first and second order prisms are rare and 
subordinate forms. The prismatic habit is notably lacking in the 
New Jersey calcites. 

4. Positive Rhombohedrons, — m • {4041 } is a very common form. 
It usually has a bright surface. 

^. K' {5052] occurs as very narrow faces truncating the obtuse 
polar edges of AT: {21 31 j. 

6. (2* { 1 2.0. 1 2.5 j. new^ was observed as a subordinate form on 
some small crystals from Upper Montclair (combination 13). 



 *' System of Mineralogy*' (5th ed.), Fig. 552, p. 670. 1868. 
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Table of Forms of the New Jersey Calcites. 

(Plate I. U a gnomonic projection of the fonns.) 



No. 


! Gdi. 


' Dana. 


Bravais-Miller. 
0001 


Naumann. 


Observer. * 


I 





0^ 


vom Rath. 


2 


a 


a 


1120 


ooA 


vom Rath. 


3 


b 


m 


loFo 


00^ 




4 


m- 


M 


4041 


^\R 


Tom Rath. 


5 


k- 


k 


5052 


+4^ 




6 


Q- 




12.0. 12.5 


+V>? 


n^w. 


7 


R- 




2021 


+2^ 




8 


P' 


r 


loTi 


+^ 


Tom Rath. 


9 


y 




0225 


-1^ 




lO 


d. 


e 


01T2 


-\R 


Tom Rath. 


II 


e- 


D 


0335 


-\R 




12 


V- 


I 


0445 


-\R 




13 


7i- 


L 


0887 


-^R 




14 


V* 


^ 


0554 


~\R 


Dana. 


15 


f- 


A 


0443 


-\R 




I6 


IT • 


IT 


0775 


-\R 


vom Rath only. 


17 


P- 


h 


0332 


-\R 




i8 


/r. 




0.18. 18. 13 


-\\R 


new. 


19 


A- 




0995 


-\R 




20 


P' 


f 


0221 


2R 


Yom Rath. 


21 


/' 




0.13 13.4 


-y^ 


new. 


22 


A- 


X 


0772 


-IR 




23 


H. 


J 


0551 


-SR 




24 


n. 


d 


088 1 


SR 




25 


/: 


t 


2134 


+i^3 




26 


/'• 




7.2.9.11 


+A^I 


▼om Rath only. 


27 


A: 




17.5.22.2 


+^Y 


new. 


28 


/T: 


\ 


3U2 


+^2 




29 


A': 


▼ 


2131 


+^3 


vom Ratlu 


30 


iW-: 


('.) 


7.4 "3 


+i?V 




31 


C?: 




8.5- 13-3 


+>?y 




32 


p. 




17.11. 28.16 


+i^V 




33 


i>: 


y 


3251 


+^5 




34 


F: 


Qi 


6.5. II. 1 


+-^11 




35 


K 


1 
1 


12.32.44.13 


-H^V 


vom Rath only. 




Doubtful 
12.6.18.7 


Forms. 






+i^3 


vom Rath only. 




^: 


i 


10.7.17.3 


+^y 


<< tt 








22.55-77.36 


-H-^} ; 


it 4< 








2.8.10.5 


-m 


tt tt 






/* 


17.74.91.45 


-iim 


tt tt 






b 


7.35.42.20 


-i^i 


Dana only. 






V 


11.62.73.36 


-am 


vom Rath only. 





Forms lying outside the 
a {1120} 

b {1010} 

S . {0551} ^' 

n . {o83i} 



- • « 
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7. R' {2021 }. This form occurs on small crystals (combinatkni 
9) from Great Notch. Though subordinate it is well defined. Hie 
only previously recorded mention of the form is by Palache* on 
the Lake Superior calcites. 

8. /• { loi 1 1. ' The unit rhombohedron is the commonest of the 
positive rhombohedronsy but is much less common than some of 
the negative ones. On a group of Bergen Hill crystals in tlie 
Egleston Mineralogical Museum it is the only form present* 
These crystals which measure about an inch in diameter are similar 
to those from Poretta, Italy. Irby f states that it is extremely 
rare as a simple form. 

9. Negaihfe Rhotnbohedrons. The negative rhombohedrons out- 
rank the positive ones in number and importance. 

9. Y*\022^\ was observed on crystals from Edgewater. Its 
faces are dull and rough. 

10. d-}oii2{. This a common form with its characteristic 
striations parallel to the shorter diagonal of its faces but is always 
subordinate. 

11. e 10335} ^^ identified on a single minute crystal from 
Fort Lee (combination 24). 

' 12. I?- {0445 1 . A crystal from West Paterson bears this form 
(combination 14). 

13. -^- {0887 1 occurs at Great Notch and West Paterson. 

14. V- {0554} is figured by Danaj: on a Bergen Hill crystal. It 
was also identified by the writer on a crystal from Edgewater. 

15. f- {0443} appears on several combinations from West Pater- 
son. 

16. ff {07751 is mentioned and figured by vom Roth as occur- 
ing on Bergen Hill calcites. 

17. /t>- {0332} is a rather common form. On several crystals it 
is the dominant form. One crystal from Jersey City in the col- 
lection of Mr. Frederick Kato bears a remarkable resemblance 
to a cube. It is a prominent form on crystals from Edgewater 
where it appears in combination with o]oooi|. Some of the 
crystals have the appearance of a cube in combination with the 
octahedron. For further details see remarks under combination iO« 

* Loc. cit» 

t On the Crystallography of Caldte. Inaug. Dis., Bomi, 187S. Abstr. in Zeit 1 
Kiyst. u. Min 3, 610, 1879. 
X Lo€. cU. 

VOL. XXIII.— «4. 
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1 8. /Tfo.iS.FS.is} new. On the flat crystals from Edge- 
water, a new negative rhombohedron occurs to which this symbol 
is assigned. 

19. A- {0995 { occurs with the preceding form. 

20. f {022i( is the most frequently occuring rhombohedron^ 
and one to which many crystals owe their habit. 

21. y* {0.13.13.4} new. Narrow faces, truncating the obtuse 
polar edges oi P'\ 17. 1 1.28.6}. 

22. J- {0772} was observed but once, and then truncating the 
polar edges of P\ \ 325 1 } on a small crystal from Upper Montclair. 

23. 8' {055 1 } was identified by zonal relations on some crystals 
from Upper Montclair (combination 21). 

24. IT - {0881 } was observed on Upper Montclair crystals, and is 
sometimes quite prominent. It also truncates the acute polar 

edges of F: {6.5.11.1} of small crystals from Bergen Hill. 

SCALENOHEDRONS OF THE PRINCIPAL ZONE. 

This is a very prominent zone ; all but two of the forms lie be* 
tween {loTi} and }ii20}. 

25. /:{2i34} was observed on several crystals from the tunnel 
at Great Notch. 

26. /: } 7.2.9. 1 1 } was observed by vom Rath. 

27. >l: {17.5.22.2}. New. A new form lying in a zone with 
^•{0112}, /:{2i^4},/- {loTi} and {8.5.1^.3} is given the above 
indices. Although striated parallel to its intersection edges with 
/• } loTi } it gave good reflections. It occurs on crystals from the 
tunnel at Great Notch and the combination is designated as No. 8. 

28. H\\ii^2\ is a prominent, sometimes the dominant, form, 
on crystals from Upper Montclair. Its faces are much striated, be- 
ing in oscillatory combination with other scalenohedrons of the 
principal zone. It is associated either with AT: {2131} or Pi 

{3251}. 

29. Ki {2131 } is a very common form and one to which many 

crystals owe their habit. The largest crystals found in the region 
(Bergen Hill and Edgewater) have this scalenohedron as a domi- 
nant form. 

30. M: {7.4.11.3} was observed but once and then as a promi- 
nent form on a minute crystal from Fort Lee (combination 24). 

31. O: {8.5.13.3}. A few crystals from the tunnel at Great 
Notch bear this fc 'm. 
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32. P* {17.11.28.6}, which has been recorded but once before 
(by Palache from Lake Superior), occurs as the dominant form on 
crystals from Great Notch. 

33. Pi { 325 1 1 is quite common on the upper Montclair crystals. 
It is usually associated with AT: {2131I and the intersection edges 
of the faces of the two forms are not sharply defined. The faces 
are more brilliant than those o{ K: 

34. F: {6.5.11.1} is the dominant form on crystals from two 
diflferent localities, Bergen Hill (combination 27) and Snake Hill 
(combination 28). 

35. Otfier scalenohedrans. — Vom Rath has described a number of 
other scalenohedrons but of these all but one F{ 12.32.44.13} are 
doubtful. 

Some cr>'stals bear several other scalenohedrons, mostly nega- 
tive ones, but from the measurements so far made, no indices can 
definitely be assigned to them. 

Description op Combinations. 

The various combinations are grouped under different types 
according to their dominant forms. 

Type /. — Basal pinacoid dominant Habit tabular. In the three 
combinations given the basal pinacoid is white and opaque and it is 
a plane of easy separation. The parting surfaces have a pearly luster. 

Combination i. — o, p- Edgewater. This combination grades 
into combination 11. 

Measurements (contact goniometer). 0/\p- (0001:0332) (6) meas. 55^39^ 

calc. 55**37'- 

2. o, f . Jersey City. Small tabular crystals. ^- is identified 
by the fact that it truncates the polar edges of the cleavage rhom- 
bohedron. 

3. o, ^-j A', H\ d'f — ??, — ?? * Small tabular crystals, o and d. 
are dull. The other planes are bright and give good reflections 
for the most part. 











Meat. 


Calc. 


6' /\II' 


(01 12 : 0.18.18. 


13) 


(6) 


27°35' 


27*32^ 


^•A^- 


(0221 :o.l8.i3. 


13) 


(9) 


9 10 


9 20 


A' /\H' 


(0995 : 0.18. 18. 


13) 


(3) 


6 43 


6 50 


p' (cleav.) A-^- 


(loil : 0.18.18. 


n) 


(3) 


81 31 


81 36>i 


/• (cleav.)/\o 


(loii :oooi) 




(3) 


44 37 


44 Z^% 


/.(cleav.)A^- 


(lOII :022l) 






72 I9>^ 


72 i6>^ 


J-Ao 


(0112:0001) 




(2) 


26 i^% 


26 15 


A'M' 


(0995 :022i) 




(3) 


2 26 


2 30 


^•A-?? 


(0995: ? ) 




(3) 


9 4 







* In this and the following descriptions, ? is an undetermined rhombohedron, ? ? an 
undetermined scalenohedron, either positive or negative as indicated. 
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Type II. Prism dominant. No crystals observed. 

Type III, Steep rhombohedron dominant (5 R or above). No 
determinable crystals of thiese types were observed. 

Type IV. Middle rhombohedrons dominant (4 R to R). 

4.^'m'. Bergen Hill. Amber colored crystals. Forms iden- 
tified by their relation to cleavage. Twinning lamellae (tw. pL 
d- {0112}) are inserted in the crystals. 

5. ^'9 a, + ??. Great Notch. Small colorless crystals of this 
combination are common at Great Notch. 

6. ^' 9 9't a, +}?. Upper Montclair. 

7. <p. Upper Montclair. Minute light amber-colored twinned 
crystals. The twinning plane is/. { loi i ]. 

8. ^', d', ii, X:, o:; a, tn-, p. Tunnel at Great Notch. Small 
colorless crystals. The faces in the zone [^^ /•, a] are striated ^ 
but give very good reflections. ^* has a very bright surface. 









Meas. 


Calc. 


X:/\Xi 


(17.5.22.2:22.5.17.2) 


(7) 


25/ 1044^ 


2I®4 


X:/\0: 


(17.5.22.2: 8.5.13.3) 


(3) 


17 9 


17 7 


ti/\ti 


(2134:3124) 


(5) 


20 25 


2036;^ 


rAr 


(0221 : ao2i ) 


(3) 


7848 


78 51 


^./\<j. 


(022Z : 0112) 


(3) 


36 55 


36 $2 



9. f>', p-, A«, o, P'fR'f bf — ??, — ??. Great Notch. Small colorless 
crystals. The faces are more or less striated but gave fairly good 
reflections. R- is mentioned by Palache as occurring in the Lake 
Superior calcites. The basal pinacoid is smooth and bright p is 
sometimes the terminal face to the exclusion of o. 









Meas. 


Calc. 


rAp' 


(0221 A 0332) 


(2) 


703/ 


707, 


p'A^' 


(0332 A 0887) 


(2) 


7 30 


7 31^ 


0-Ao 


(022I AOOOl) 


(I) 


63 17 


63 7 


A-Ao 


(0887 AoooO 


(2) 


4845 


48 25^ 


^•A^ 


(2021 A 10^0) 


(4) 


26 46 


26 53 


/•A^ 


(loii A loio) 


(2) 


45 21 


45 23;^ 



Twin seams (tw. pl.oiT2) are present in a few crystals. 

10. p- Bergen Hill, Weehawken. One crystal from the first 
locality with this form alone in the collection of Mr. Frederick 
Kato bears a remarkable resemblance to a cube. It is very sym- 
metrical, measures about 6 mm. on a side and with the exception 
of another smaller one like it, is free on all sides being found 
perched on a tuft of byssolite. It is more like a cube than the 
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so-called cuboid of Haiiy (0554) ^^^ angle between adjacent faces 
being 91^ 41' instead of 84^ 32>^^. In the striations on the faces 
it simulates a crystal of the hextetrahedral class of the isometric 
system. 

P* A P' (0332 • J3^^) (^) meas- (contact goniometer) 88^ 15^, calc. 88® 18^. 

The Weehawken crystals of the same form are not so cube-like 
in appearance. They bear striations of a different sort from the 
Bergen Hill crystals. These striations were produced, or at least 
accentuated, by etching. 

/>. /\ p- (0332:3032) (6) meas. (contact goniometer) 91® 45^, calc. 91® 42'. 

11. /»-,o. Edgewater. Small nearly colorless crystals, simulat- 
ing cubes with some of the angles acuminated by faces of octo- 
hedron. This combination grades into combination i. 

12. w- Edgewater. A single crystal consisting of this form 
alone was found at Edgewater. 

V' A V' (0554:5054) (6) meas. 84* 20', calc. 84" 32^'. 

1 3. /•, ^s o, w, ^, Q' , H'f ?• + ??. Upper Montclair. Small color- 
less crystals intimately associated with heulandite. o is quite 
prominent on some crystals and has a bright luster. 









Mow. 


Cdc 


oA^- 


(0001 : 0221 ) 


(2) 


63^'5>i^ 


6307/ 


*-A* 


(0221 : lolo) 


(2) 


26 53>i 


2653 


3A«- 


( loio : 4041 ) 


(2) 


14 20 


14; 13 


«-Ae 


(4041 : 1 2.0. 12. 5) 


(2) 


834 


846 


Q-A/- 


(12.0. 12.5: lOIl) 


(2) 


22 2%}i 


22 24;i 


oA^- 


(0001 : 0.18. 18.13) 


(3) 


53 35 


53 47 


^'M- 


(0443:0221) 


(i) 


10 13 


10 22 



14. /•, ^', o, fn\ S', ^', 1?., ^s — ?? — ??. West Paterson. Small 
colorless crystals similar to those of the last-mentioned combina- 
tion. 









Meas. 


Calc. 


oA0- 


(0001 : 0221) 


(3) 


63^5^ 


6307/ 


oAf- 


(0001 : 0443) 


(3) 


52 38 


5245 


oA^- 


(0001 : 08S7) 


(3) 


48 27 


48 25 >i 


oAj?- 


(0001 : 0445) 


(3) 


38 55 


38 17. 


oA<J- 


(0001 : 01 12) 


(3) 


26 20 


26 15 


«-A/- 


(4041 : loil) 


(3) 


31 16 


31:10 }4 


/•Ao- 


(lofi : 0001) 


(3) 


44 36 


44 36>< 


w-A^- 


(4041 : 022 1) 


(3) 


418 


41 6 
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15. jr Bergen Hill. Dark grey crystals (abont an inch in 
diameter) consists of this form alone. As a simple form /*, is quite 
rare. Poretta, Italy is a prominent locality for it. 

Type V. Obtuse rhombohedron dominant. 

16. d', K:^ P',—'^ Edgewater. Rather small crystals of tabular 
habit. 

Meu. Gale. 

P : A -P: (32*51 A 5231) (3) 45^5 ^ 45**3»' 

Pi/\Pi (3251 A 23y ) (6) 29 o 29 iSji 

Ki^Kx - (2131A3121) (6) 3632 3536 

lype VI, Obtuse scalenohedron dominant. 

16. Hi^b^d, Upper Montclair. Small slightly amber-colored 
crystals. Hi is striated, being in oscillatory combination with 
other scalenohedrons of the principal zone. 

__ Meu. Gale 

Hi/\N: (3142 A 4132) (3) 23«45' 24O10' 

b /\6* (ioioAo"2) (2) 64^30' 63*^45 

17. Hi fP'iTl'i9' Upper Montclair. Small crystals similar 
to those of last mentioned combination. 









MCM. 


Calc 


Nx /\ffi 


(3142: 4133) 


(3) 


24?00' 


24<>IO' 


Hi /\Hx 


(3142 : 34^2) 


(2) 


79 15 


77 49 


n. A^- 


(0881 : 0221) 


(2) 


19 21 


19 40 


n • A P ' (cleav) 


(0881 : lofl) 


(2) 


52 56 


52 36>i 



lype VII. Middle scalenohedron dominant. 

18. K:, k' Edgewater. Rather small white crystals partially 
enclosed by a secondary growth of calcite. k* appears as very 
narrow faces truncating the obtuse polar edges of K\ Measure- 
ments with contact goniometer, AT: AT: (21 31 : 31 21) (4) meas. 
35^25', calcss^'se'. 

19. A": -Edgewater. Large gray twinned crystal. Twin plane, 
cjoooi}. 

Meas. Calc. 

K\/\K\ (2131:2311) (3) 75°2C/ 75**22' 

Kx/\Kx (2131:3121) (4) 3535 3536 

20. K\ Bergen Hill. Large crystals in the Egleston Mineralog- 
ical Museum associated with stilbite. 

21. AT:, 5'-, • Upper Montclair. Small colorless crystals. The 
faces did not give good reflections. K: f\ K\ Meas. (2) 36^43', 
calc, 35 ^36'. S' and <p' are identified by their zonal relations. 



CRYSTALLOGRAPHY OF THE CALCITES. 



345 



22. K\^ P:, m\ ^* , /* Upper Montclair. Small colorless or light 
amber crystals, very common at this locality. P\ is bright and 
smooth while Ki is rather dull. K: is nearly always dominant 
but sometimes P: and K\ are almost equally developed. It is an 
interesting fact that the obtuse polar edges of/': and the acute 
polar edges of K: are invariably truncated, the one by m*, the 
other by ip\ 











Meu. 


Cdc 


-P:A^: 


(3251 5 


3521) 


(6) 


71^3^ 


7o<»59' 


Pi/\P'. 


(3251 : 


5231) 


(3) 


45 34 


45 32 


Pi/\Pi 


(325* ! 


2351) 


(3) 


29 19 


29 15^ 


Ki A Kx 


(213X : 


23") 


(6) 


75 27 


75 22 


Kxfs^Kx 


(2x31: 


3121) 


(3) 


35 32 


35 36 



nv and ^ * were identified by their zonal relations. 

23. K\^ ^-, Upper Montclair. Small colorless twinned crystals 
associated with quartz crystals. The twinning plane is/.{ioii|. 

No measurements were possible on account of the dull surfaces 
of the faces but the forms were identified by their zonal and cleav- 
age relations. 

24. -Af:,/-, <p\ C-. Fort Lee. Minute colorless twinned crystals 

tw. pi. p. Jiofl}. 







MflM. Ode. 


Ml /\Mi 


(7-4-«i-3*: 7"-43) 


(4) 73**39^ 73*40' 


Ml A ^: 


(7.4.11^3: li;4-7-3) 


(3) 39 54 40 4 


iw-A/- 


(4041 : loii) 


(3) 31 9)i 31 «o;i 


^•AA 


(0221 : loxx) 


(3) 72 4 72 17 


f'/\^' 


(0221 : 0335) 


(3) 32 52 32 30 


/• A'* 


(idii 1 0335) 


(3) X04 56 104 47 


5. /",/% - 


^?. Great Notch. Small colorless crystals. 






Meas. Calc. 


P'A^ 


(17. IX. 28.6: x7.28.1x. 6) 


(8) 7X®I5' 7I*»X2' 


P'^P 


(X7.xx.28.6:28.ix.x7.6) 


(13) 44 27 44 28 



y* was identified by the fact that it truncates the acute polar 
edges of P 

26. P'.f A\ Upper Montclair. Minute colorless crystals in 
cavities in prehnite. 

Pi /\ P: meas. (2) 45^46'. calc, 45° 32'. 

J* was recognized by the fact that it truncates the acute polar 
edges of P: 

lype VHL Acute scalenohedron dominant. 
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^7' ^'f Tl'f o. Bergen Hill. Smaller colorless acicular crystals 
in the Egleston Mineralogical Museum. 
V: is striated but gave good reflections, o is dull. 









Meas. 


Gale. 


F:A ^' 


(6.5.n.i A6.ii.Ji) 


(3) 


65^34' 


65*»35>^ 


V'./\ Vi 


(6.5.11.1A "'5.6.1) 


(3) 


53 41 


5340 



n* was recognized by the fact that it truncates the acute polar 
edges of V: 

28. F: , n*- Snake Hill. Small nearly colorless crystals, capped 
by crystals of a second generation {ip\ —??, + ?) V\s striated and 
gave poor reflections, n* is very narrow.' 

Vxf\Vx meas. (3) 65O41' 65035 >i^ 

Twin Crystals. 

Of the four twinning laws known for calcite, three are exempli- 
fied in the New Jersey trap calcites, namely, {000i|, {0112} and 
{loFi}. 

Crystals twinned according to the first law, where the twinning 
plane and composition is the basal pinacoid {0001} were observed 
in three different combinations all from one locality, Edgewater, 
large scalenohedron K\ (combination 19. ) tabular crystal o, and 

/>* (comb. I) and tabular crystal (comb. 3). 

The second method of twinning (tw. pi. {01 12}) is more com- 
mon and was observed on crystals from Upper Montclair, West 
Paterson, Bergen Hill, and Snake Hill. The crystals from Snake 
Hill in the collection of Mr. W. G. Levison are the so-called 
" butterfly twins " and much resemble those from Guanajuto, Mex- 
ico, except that they are smaller. 

Twin seams after this law occur on combination 4 from Bergen 
Hill and also on small crystals with undetermined negative scalen- 
ohedra from Upper Montclair. Twinning lamellae caused by this 
method of twinning are frequent on cleavage surfaces. 

Twinning after the third law (tw. pi. and comp. face loi i) is ex- 
hibited by three different combinations : 

1. Crystals from Upper Montclair. K:, ^. (combination 23). 

2. Crystals from Upper Montclair with the simple form <p. 

3. Crystals from Fort Lee (combination 24). 

The individual crystals have their vertical axes at right angles 
(89° 14') and have one cleavage face in common. 
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These are, I believe, the first recorded occurrences of this twin* 
ning law for American calcites. 

Parting. 

In addition to the well-developed cleavage other planes of easy 
separation are frequently observed in the New Jersey calcites. 

The well-known parting parallel to {oii2{ due to secondary 
twinning is noticed and on some cleavage masses from Fort Lee 
this parting is more easily obtained than the cleavage itself. 
Several crystals from Edgewater broke with a surface of high 
lustre parallel to |oii2}. Here there is apparently no connection 
with twinning. Such separation may be due to solution planes. 
That 01 1 2 is a plane of easy solution is shown by some crystals 
from Granby, Mo., studied by the writer. Etching agents had 
attacked the crystal producing cavities of various kinds but more 
especially flat cavities along the cleavage planes and along (01T2) 
sometimes penetrating quite a distance within the crystal. 

In the flat tabular crystals with white opaque ends from Edge- 
water and Jersey City (combinations, i, 2 and 3) perfect parting 
parallel to the basal pinacoid may easily be obtained within the 
white termination. The parting surfaces have a pearly luster. This 
method of parting is exhibited in crystals from Andreasberg, 
Freiberg, Kongsberg, Norway and Guauajuato, Mexico. It seems 
probable that the parting surfaces represent stages in the growth 
of the crystal though they are not marked by foreign inclusions as 
is the case in some other minerals. 

Paragenesis. 

Of the various minerals produced by contact metamorphism of 
the trap with the sandstones and shales calcite was one of the first 
to be formed, being preceded only by datolite and prehnite. The 
order of formation seems to have been about as follows: Datolite, 
prehnite, calcite, heulandite, apophyllite, analcite, natrolite, stilbite. 

Several generations of calcite are observed. For instance at 
Great Notch a specimen of drusy calcite is distributed over other 
minerals including calcite. Phantom crystals and parallel growths 
of individuals of different habits are not uncommon. 
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ON THE DETERMINATION OF LEAD IN ORES. 

By IRVING C BULL. 
[Contribation from the Havemeyer Laboratories, G>lumbia University, No. 67. ] 

The ordinary fire assay for lead in ores is frequently so erroneous 
in its results as to cause great dissatisfaction. With most ores the 
results are considerably too low (about 2 per cent.) and with others 
notably too high: ue,/\Ti oxidized ores containing iron, copper, 
antimony and bismuth, the lead button may contain several per 
cent, of such impurities and so weigh more than warranted by 
analysis. 

The object of this article, therefore, is to test and compare the 
best existing methods in order to select a method which may be 
recommended both because of its accuracy and rapidity. A num- 
ber of schemes, gravimetric, volumetric and electrolytic, have been 
proposed, but most of them have proven either too lengthy and 
troublesome or too inaccurate. 

The first method which is to be examined, and which is to be 
taken as the basis of comparison with other methods, is the 
method of weighing the lead as lead sulphate. This method is 
to be tried upon six samples of lead ore obtained from different 
sections of this country and carrying various amounts of lead and 
impurities. 

Each of these ores was first ground in an iron mortar and then 
finished upon a bucking board until fine enough to pass through a 
hundred mesh sieve, the last traces of ore not fine enough were 
ground in an agate mortar and passed through the sieve, then the 
whole was thoroughly mixed and quartered down to a small sample 
tube full of each ore, leaving about one quart of each ore in reserve. 
Again, the samples thus obtained were ground in an agate mortar 
to an impalpable powder in order to get as complete solution of 
the ore as possible. It might be well to emphasize frequently that 
more errors are made by incomplete solution of the ore than is 
ordinarily supposed. 

Weighed amounts of each of the ores were carefully spread over 
a watch glass so as to expose as much surface as possible and 
moisture in each determined by drying in an air bath at i lo^ C. to 
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constant weight. This work was performed so as to make, if 
necessary, any corrections in the lead percentages afterwards ob- 
tained. The moisture was as follows : 

1. 00.00 per cent. 3. 00.25 V^ cent. 5. 00.32 per cent. 

2. 00.36 " 4. 00.42 *« 6. 00.14 ** 

The sulphuric acid and other chemicals used were tested for lead 
but none was found. Distilled water was used throughout. 

The six ores were first assayed before commencing the work of 
comparison so as to make this comparison as complete as possible. 
The assays were conducted as described in the " Notes on Assay- 
ing," by Ricketts and Miller, depending upon the character of the 
ore ; u ^., whether a sulphide, sulphate or carbonate. Care was 
exercised in every case to obtain the best agreeing results. They 
were as follows : 



I. Galena, 


76 per 


cent 


2. " 


37 '' 




3. Cerrussite, 


9 " 




4. Sulphoret, Galena and Sphalerite, 


24.7 " 




5. Galena and Slibinite, 


28.7 •♦ 




6. Cemissite, 


37.8 " 




Part I. 







A, Gravimetric — Lead Sulphate, 

The following gravimetric methods were then carried out on each 
of the six ores, first weighing the lead as lead sulphate. 

Method, — Dissolve three tenths to one gram of the finely ground 
ore (depending upon the amount of lead in the ore) in 15 ccm. of 
concentrated nitric acid and a few drops of hydrochloric acid in a 
covered casserole or beaker, boiling until the ore is completely 
decomposed and the sulphur oxidized, adding more of each of the 
acids if decomposition seems to be incomplete. Cool slightly and 
add 10 ccm. of diluted sulphuric acid (sp. gr. 1. 41) and evaporate 
to fumes of sulphuric anhydride. Near the end it is well to hold 
the casserole or beaker in the hand over the flame in order to pre- 
vent bumping and spattering ; thick dense fumes of sulphuric an- 
hydride are absolutely necessary to ensure complete conversion of 
the lead to sulphate. 

Cool and add carefully 100 ccm. of distilled water and boil for 
five minutes to dissolve any ferric salts that may have formed by 
evaporation. Cool and add 15 ccm. of 95 per cent, ethyl alcohol, 
stir well, settle and decant through a small filter, leaving as much 
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as possible of the residue of lead sulphate, calcium sulphate, barium 
sulphate, strontium sulphate, etc., in the casserole. Wash the resi- 
due thoroughly with a solution containing i per cent, of sulphuric 
acid and lo per cent of alcohol, using about 400 c.cm. in all, finally 
with alcohol alone, pouring the washings through the filter each 
time. 

Dissolve the lead sulphate from the residue in the cassserole in 
a strong hot solution of ammonium acetate, slightly acid with 
acetic acid: pour the solution through the filter into a clean 
beaker. The filter is best moistened with ammonia in order to 
form ammonium acetate with the free acetic acid in the ammonium 
acetate solution, in contact with the few particles of lead sulphate on 
the paper and so bringing them in solution much easier. Repeat 
this until all the lead sulphate is dissolved, then wash the contents 
of the casserole on to the filter, first with dilute ammonium acetate 
and then with hot water. The reaction which has resulted is as 
follows :* 

.C,H,0, SO,-0-NH, 
2PbS0^ -f aNH^CjHjO, = Pb^ + q^^ 

^"»^» SO,-0-NH, 

Acidify the filtrate with sulphuric acid, adding alcohol as before 
and filter upon a Gooch crucible. The Gooch crucible is fitted 
carefully with two layers of quantitative filter paper in the bottom, 
then a very thin layer of asbestos previously washed with dilute 
sulphuric acid, was laid on top of the filter paper, making about 
three-sixteenths of an inch over all. This was sucked down by a 
strong suction as tight as possible, then dried in an oven at IIO^C. 
to constant weight. The solution containing the lead sulphate was 
then filtered through, starting the suction very slowly and wetting 
the asbestos before starting, then washing the precipitate as pre- 
viously described and finally with absolute ethyl alcohol, using 
considerable quantity. The crucible (and precipitate) is again dried 
at 1 10^ C. in an air bath and weighed. 

Weie^ht of lead sulphate x .6829 ^ , , 

^Tr— ^i >— ^- \ ^ = per cent. lead. 

Weight of ore taken. 

The method of filtering on a filter paper, burning ofT the paper 
and igniting as described generally was found to be very inaccu- 

*Treadwell. •♦Qualitative Analysis," p. 144. 
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rate as well as troublesome in manipulation; it was therefore 
filtered on a Gooch crucible which simplified matters considerably. 
The results obtained by this method upon the ores taken were 
as follows, which agreed more closely than those obtained using 
the old way of weighing the lead sulphate : 

1. 78.68 per cent. 3. I0.76 per cent. 5, 27.25 per cent. 
78.62 '* 10.74 ** 27.21 '• 
78.65 " 4. 18.43 " 6. 38.50 " 

2. 37.20 •* 18.40 " 38.54 *« 
37.26 " 38.51 " 



37.22 



it 



B. Gramtneiric' Lead Chr ornate. 
Proceed in this method exactly as described in the preceding 
method until the lead sulphate is dissolved in ammonium acetate. 
This solution is then brought to boiling and a fifth normal solution 
of potassium dichromate run in until all the lead is precipitated 
and the solution above the precipitate when the latter settles pos- 
sesses the dichromate color. Then the solution is boiled vigor- 
ously for three minutes and filtered upon a weighed Gooch crucible 
prepared as described in the preceding method. The precipitate 
of lead chromate should be washed thoroughly with hot water 
until the washings possess no color of dichromate. The same pre- 
cautions should be observed here as in weighing the lead sulphate 
as described. The crucible and precipitate are then dried at 1 10^ 
C. to constant weight Too high heat must not be permitted in 
drying as the filter in the bottom of the crucible will become 
charred and so give poor results. It is possible with the lead chro- 
mate to omit the layer of the filter paper. The following are the 
results obtained by using the above method as described : 



1. 78.68 per cent. 3. 10. 77 per cent. 5. 27.23 per cent. 
78.71 " 10.74 " 27.20 

2. 37.28 " 4. 18.45 « 6. 38.47 
3730 ** 18.40 *« 38.50 



38.48 " 



C. Electrolyttc-Lead Peroxide. 

Obtain the acetate solution of the lead in the ore in exactly the 
same way as described in the gravimetric lead sulphate method. 

Dilute if necessary to a bulk of two hundred c.cm., add twenty 
ccm. of nitric acid (sp. gr. 1. 35) warm to sixty to sixty-five de- 
grees centigrade and electrolyze with a current of N.D.,^«s ^•^-'^^l 
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amperes ; the electrode tension is without influence upon the con- 
dition of the peroxide and may vary within wide limits. If the 
warming is continued during the operation, the precipitation of 
quantities up to one and one*half grams of lead peroxide is com- 
pleted in about three hours, with larger quantities in about four to 
five hours. Complete precipitation is ensured by adding about 
twenty c.cm. of water and observing whether the freshly wetted 
surface of the electrode becomes darken In case no blackening is 
observed at the end of ten to fifteen minutes, the current is stopped 
after removing the electrodes from the solution and the precipitate 
is washed with water, finally with alcohol and dried at i8o^ C. and 
weighed. The residue is anhydrous peroxide. The preceding 
method permits of the separation of lead from zinc, iron, nickel, 
cobalt, copper, gold, cadmium, mercury, antimony and aluminium ; 
in the presence of silver and bismuth, traces of those metals in the 
form of peroxide pass over into the lead peroxide. 

If the anode is roughened a greater amount of lead peroxide can 
be collected. Chlorine compounds must not be present in the so- 
lution for electrolysis. Manganese under the most favorable con- 
ditions is precipitated along with the lead, it being the only com- 
monly occurring element that behaves similarly. 

The following are the results obtained by proceeding with the 
method as above stated. 

X. 78.73 per cent. 3. 10.80 per cent 5. 27.32 per cent. 

2. 37.35 " 4. 18.58 " 6. 38.60 " 

Part IL 

Volumetric Methods. 
D. H. H, Alexandet's Ammonium Molybdate Method. 

The decomposition of the ore and the method in general is fol- 
lowed exactly as in the gravimetric lead sulphate method as pre- 
viously described up to the point of dissolving the lead sulphate in 
ammonium acetate, instead of dissolving the lead sulphate from 
the other foreign sulphates upon the filter paper, the filter paper 
and the precipitate are put into the ammonium acetate solution and 
digested for at least ten minutes in order to completely dissolve the 
lead sulphate; the solution should be acidified with acetic acid, 
diluted to 200 c.cm. with hot water, boiled, and a standardized so- 
ution of ammonium molybdate run in from a graduated burette. 
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until all the lead is precipitated, stirring the solution very thor- 
oughly when near the end and waiting a few moments before add- 
ing a drop of the solution to a drop of tannin solution as indicator. 
The tannin solution is prepared by dissolving one part of tannin 
in 300 parts of water. The first appearance of a yellow color after 
adding a drop of lead solution to the tannin solution marks the 
end of the reaction. The excess of the ammonium molybdate 
necessary to effect the indicator (generally seven to eight-tenths of 
I c.cm.) must be determined and subtracted from the burette read- 
ing. This is done by taking an ammonium acetate solution of 
about the same strength and acidity, with no lead present, boil and 
titrate in the usual way, noting the quantity run in before affecting 
the indicator. 

The ammonium molybdate solution contains nine grams of the 
salt per liter and is standardized upon Kahlbaum's lead sulphate 
by dissolving in ammonium acetate and titrating with the con- 
ditions as above stated. 

To show the importance of prolonged boiling of the lead sul- 
phate with a strong hot solution of ammonium acetate, acid with 
acetic, the following series of experiments were performed. Took 
five different samples, 30 c.cm. each of a standardized lead acetate 
solution containing .010909 grams of lead per c.cm. and added to 
each portion 10 c.cm. of a standardized solution of barium chloride 
containing .005578 grams of barium per ccm., then proceeding 
with each as described in the above method, titrating under the 
same conditions, but boiling for various lengths of time as indi- 
cated below. 

I. 30 ccm. FbA. Sol. xoccm. Ba chloride Sol. boiled amin. 30. 20 ccm. Am. Molybdate. 
2^ *i « << << <( << (( <( <( << c << 20.80 " '* " 

« << 4( (< (( <( <( <( <( «( l< IQ 4( ^1.28 '' " " 

M it <( 4« (< (( (< << <( (« << 20 ** 21.20 " " " 

^^ << << << i( (t (( <( (< << << AQ << ^1 -tQ it a it 

From the above, since 31.40 ccm. is the theoretical amount, it 
seems absolutely necessary to boil for at least ten minutes. 

Interferences. 

The important impurities that might occur in a lead ore and 
so interfere with any of the methods here described are antimony, 
bismuth, barium, strontium and calcium. Standard solutions of 
these elements were made up having the following strengths an^. 
compositions as indicated below. 
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Barium hydroxide solution .005578 grains Barium per can. 

Calcium chloride « .00986 *< Calcium <* 

Strontium «« " .00984 " Strontium «' 

Bismuth nitrate <' .00931 <' Bismuth « 

Antimony terchloride " .01005 << Antimony « 

In Standardizing the above solutions the barium was weighed as 
barium sulphate, the calcium as calcium sulphate, the strontium as 
strontium sulphate, the solutions of the above three impurities (10 
c.cm. of each) being evaporated with sulphuric acid to dryness 
and the sulphates weighed. The antimony was determined elec- 
trolytically and the bismuth weighed as bismuth trioxide by pre- 
cipitating as the basic carbonate of bismuth. 

The following indicated amounts of the above five solutions 
were taken with a constant amount of lead acetate solution and car- 
ried out exactly as described in the above method with the follow- 
ing results ; the theoretical amount of ammonium molybdate after 
allowing for indicator (eight tenths of one c.cm.) is 31.40c.cm. ; in 
the following readings this allowance has been made : 

Antimony. 

1. 30 ccm. FbA. Sol. 2.5 ccm. Sb chloride Sol. 31.40 c.cm. Am. Molybdate Sol. 

2. 30 " " 5 " " 31.38 

3. 30 " ** 10 «* " 31.38 

4. 30 '* ** 15 '• " 31.40 •• '• 

5. 30 " " 20 '• " 31.45 " " 

Bismuth. 

1. 30 c.cm. PbA. Sol. 2.5 c.cm. Bi nitrate Sol. 31.40 c.cm. Am. Molybdate Sol. 

2. 30 *' " 5 " " 31.38 



it i< 



(C (C 



<( i% 



Barium. 

1. 30 c.cm. PbA. Sol. 00 ccm. Ba chloride Sol. 31.40 c.cm. Am. Molybdate Sol. 

2. 30 ** <* 5 " " 30.90 «« " 

3. 30 " " 10 " *« 29.20 «« " 

4. 30 " " 20 " " 27.30 «« " 

5. 30 ** " 40 ** " 25.80 



(< << 



Strontium. 
I. 30 ccm. FbA. Sol. 2.5 c.cm. Sr chloride Sol. 31.40 ccm. Am. Molybdate Sol. 



I 



3. 30 " " 10 " " 31.40 " •• I 

4. 30 " " 20 ** " 31.40 '• '• I 

5. 30 " " 40 ** " 31-38 



2. 30 


(( 


(f 


5 


44 


44 


31-40 


44 


44 


3. 30 


l< 


i4 


zo 


44 


44 


31.10 


44 


44 


4. 30 


<l 


44 


15 


44 


44 


30.35 


4< 


44 


5. 30 


44 


44 


20 


44 


44 


29.70 


<4 


44 



3- 10. 8o per cent. 


5. 27.44 per cent 


10.83 '* 


27.35 " 


4. J8.47 " 


6. 38.66 " 


18.51 " 


38.S« •* 
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Calcium. 

1. 30 c.cm. PbA. Sol. 2.5 ccm. Ca chloride Sol. 31.38 can. Am. Molybdate Sol. 

2. 30 " •* 5 " *« 31.38 «* " 

3. 30 " •• 10 " «« 31.35 " " 

4. 30 " " 15 " " 3'-38 *• " 

5. 30 ** ** 20 «« «* 31.35 " " 

By using the above method the following results were obtained 
upon the ores : 

1. 78.74 per cent. 
78.82 " 

2. 37.41 

37.44 

An attempt was made to improve upon the indicator used but 
was without success in so far as reducing the allowance for the end 
point below eight-tenths of a ccm. The following compounds 
were tried as indicators: Ferrous sulphate and sulphuric acid, 
sugar, sodium thio-sulphate and sulphuric acid, sulphurous acid, 
thioacetic acid, alkaloids with sulphuric acid as morphine, and nar- 
cotine, salicylic acid, potassium ferrocyanide and ferricyanide. 
Of the above-mentioned compounds thioacetic acid proved 
to be the most encouraging as a distinct color was concerned, 
but a greater allowance had to be made than with tannin. 

E. Koenig's Method. 

A complete description with details of the method was sent to 
us by Professor Koenig of the Houghton School of Mines, where 
it has been used for a number of years although it has never ap- 
peared in any chemical journal. The following method is taken 
from Professor Koenig's description which was followed exactly. 

Method. — Take three- tenths to one gram of ore depending upon 
the amount of lead contained therein, add 10 c.cm. of concentrated 
nitric acid and digest at a temperature between 60° and 100^ C. 
until all brown gases have disappeared and the ore is completely 
decomposed ; this is accomplished more rapidly by frequent shak- 
ing or stirring. Pour liquid off, leaving the residue in the beaker, 
let go to dryness, but not hard dryness. Bring dry residue with 
5-per-cent. sulphuric acid back into the flask, using abont 50 
c.cm., boil for ten minutes, cool, let settle, filter, add again 50 
c.cm. of 5-per-cent. sulphuric acid to the precipitate and decant as 

VOL. xxxn. — 95. 
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before, repeat this operation until about 450 c.cm. of 5-per-cent 
sulphuric acid have been used, thus we remove all soluble sul- 
phates. Agitation of the liquid to promote contact with the solids 
is a vital requirement in order to remove these soluble sulphates. 
The filter should contain none of the solids. Add 50 ccm. of a 
lo-per-cent. solution of ammonium carbonate, let stand for twenty 
minutes, shaking very frequently, thus converting all the lead sul- 
phate to lead carbonate. Filter through the same filter and wash 
thoroughly with cold water until no trace of an alkaline reaction 
is exhibited in the wash water. 

Place filter paper with the precipitate in a beaker, add 50 ccm. 
of a tenth normal nitric acid solution, stir and digest well at about 
50^ C. for ten minutes. Add enough methyl orange indicator to 
produce a distinct red, but no more, and titrate the excess of nitric 
acid used to dissolve the lead carbonate with a tenth normal so- 
dium hydroxide solution until a yellow color is obtained. 

Modifications, — Results were obtained with equal accuracy and 
greater rapidity by proceeding with the analysis exactly as in the 
gravimetric lead sulphate method up to the point where the lead 
sulphate is dissolved in ammonium acetate, and from that point on 
proceeding as described by Professor Koenig. 

The following are the results as obtained on the ores, and al- 
though the results obtained do not vary much if any between the 
modification and the method as described by Professor Koenig, 
the time required for the manipulation of the modified method was 
less by about thirty minutes. 

Prof. Koenig:'*. Modified. 

I. 78.58 per cent. I. 78.60 per cent. 



78.62 " 78.64 

2. 37.30 " 2. 37.38 
37.36 " 37.40 

3. 10.65 " 3. 10.58 
10.60 " 10.62 

4. 18.40 ** 4. 18.46 

18.34 " 18.43 

5. 27.15 " 5. 27.24 
27.20 ** 27.26 

6. 38.68 «* 6. 38.60 
38.64 •* 38.68 



<( 

c« 

(C 
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The effect of the impurities upon the accuracy of the method as 
carried out in its modification is as follows : The nitric acid having 
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been calculated in each case from the back titration, the amounts 
of sodium hydroxide are not recorded. 
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Barium. 
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Calcium. 
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F, Oxalate or Permanganate Method. 

This method was first described by Hempel, then it was modi- 
fied by Low as described in the J. Am, C. 5., October, 1893, silso 
modified afterwards by Haswell, Crooke and Knight. 

This method was carried out as follows, according to Low : De- 
compose the ore and wash precipitate of lead sulphate, calcium 
sulphate, etc., as described in the gravimetric lead sulphate 
method already given. Collect the precipitate of lead sulphate 
in a beaker free from filter paper and treat with fifty ccm. of a 
cold semi-saturated solution of ammonium chloride. Stir the 
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mixture to dissolve as much as possible of the lead sulphate and 
decant ofT the clear liquid, dissolve any lead sulphate in the residue 
with a few c.cm. of a strong solution of sodium hydroxide and 
heating to boiling. To this solution add sufficient dilute sulphuric 
acid to cause most of the lead to precipitate, avoiding an excess, 
and rinse back into the beaker containing the chloride solution. 
Place in the flask pieces of sheet aluminum and boil for five min- 
utes, whereupon all the lead is precipitated. Dilute with cold 
water and decant, wash to remove chlorides. Finally to the lead 
and aluminum in the flask add five ccm. of a mixture of one part 
strong nitric acid and two parts of the distilled water and warm 
gently. The lead is all dissolved, wash and remove all the alumi- 
nium strips, add to the solution a few drops of phenolphtalein solu- 
tion and then a very slight excess of strong sodium hydroxide. 
Now add ten ccm. of a cold saturated solution of oxalic acid. 
Cool if warm, filter and wash thoroughly with cold water. In a 
beaker have heating about seventy-five c.cm. of distilled water and 
a few ccm. of strong sulphuric acid ; drop filter paper and precipi- 
tate of lead oxalate into this solution and titrate at once with per- 
manganate. The factor for the iron times 1.888 gives the factor 
for lead. 

Notes. — The method gave very poor results on the ores as is 
shown by the following analysis of the ores, in fact the results were 
so inaccurate that the method was at once condemned and the 
efTect of impurities were not determined. 

!• 77*54 per cent. 3. 9.92 per cent. 5. 26.28 per cent. 

77.60 «* 9.98 " — .— " 

2. 36.71 " 4. 17.54 •« 6. 37.38 " 

36.62 *« 17.65 



(i t< 



The chief trouble seems to be in the fact that the lead falls from 
the aluminium foil, thus going slowly in solution and being lost; 
therefore larger sheets of aluminium should be used. Besides there 
seems to be a constant galvanic action going on between the solu- 
tion and the aluminium which also takes lead into solution 
The solubility of lead oxalate is objectionable ; this can be some- 
what overcome by the use of ethyl alcohol, concentrated solution, 
and a large excess of oxalic acid. The method is exceedingly long 
and troublesome, requiring about two and one quarter hours time 
for its manipulation. The great care required in washing the oxa- 
late precipitate, the inconvenience of precipitating and washing the 
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spongy lead (a modification which in most ores seems unnecessary) 
and other details of manipulation seem to more than off set the ad- 
vantage of an inside indicator. 

Crook's modification was to obtain the acetate solution as in the 
gravimetric lead sulphate method as already described and then 
precipitate the oxalate directly with an excess of oxalic acid and the 
excess of oxalic acid titrated with standard potassium permanganate 
after making the solution acid with sulphuric acid* 

Knight's modification was to obtain the lead sulphate as usual 
and dissolve it in boiling dilute hydrochloric acid and filtered if 
much silica or barium sulphate is present, the solution diluted to 
100 ccm. and the lead precipitated by granular zinc. The metallic 
sponge of lead is then washed with cold water and dissolved in 
nitric acid, the acid neutralized with sodium carbonate, the precipi- 
tate dissolved in strong acetic acid, alcohol added and the lead 
precipitated with oxalic acid. It is then filtered and washed and 
the precipitate dissolved in strong sulphuric acid and the freed 
oxalic acid titrated with potassium permanganate. 

G. Dichromate MetJiod, 

Pope's method consisted in converting the lead to lead sulphate 
and then to acetate, adding an excess of potassium dichromate, 
destroying the excess with standard arsenic trioxide solution and 
titrating the excess with standard iodine solution and starch paste 
as indicator. This method seemed to require at a glance too much 
manipulation so was not tried. 

J. H. Wainwright's method is to precipitate the chromate as usual 
from an acetate solution and the end noted by a silver nitrate solu- 
tion giving a red-spot test on a white porcelain plate. This was 
found to be so inaccurate and troublesome even on standardizing 
a dichromate solution with a known strength lead acetate solution 
that the method was not executed ; high results would be always 
obtained, the cause being that the end point is obscured by the 
yellow lead chromate which reacts with the silver nitrate ; this may, 
however, be somewhat overcome by boiling the solution hard after 
each addition of potassium dichromate and allowing to settle. 

Sutton's back titration was carried out as follows : Follow out 
the gravimetric lead sulphate method through the point where the 
lead sulphate is dissolved in ammonium acetate. Dilute this ace- 
tate solution to about 150 ccm. and boil, run in a sufficient amount 



360 THE QUARTERLY, 

of a standard solution of potassium dichromate to precipitate all the 
lead and about one third as much again in excess, boil hard for 
two minutes, filter quickly on a Gooch crucible and wash thor- 
oughly with hot water until there is no yellow color to the wash 
water, dilute the filtrate to 400 ccm. and titrate with standard so- 
lution of ammonium ferrous sulphate at 60^ C, after acidifying the 
solution with about 15 ccm. of dilute hydrochloric acid or 5 ccm. 
of concentrated sulphuric acid. The end point is noted by a dark 
blue color produced when a drop of the titrated solution is added 
to a drop of potassium ferricyanide upon a white porcelain plate. 

This excess of dichromate may also be determined by adding 
three or four grams of potassium iodide to the solution, keeping it 
about 600 ccm. bulk and normal temperature, 1 5 ccm. of concen- 
trated sulphuric acid added and the liberated iodine titrated with 
a standard sodium hyposulphite solution, adding the latter until 
nearly to the end then just before the end point is reached, add two 
or three drops or ccm. of a freshly prepared solution of starch paste 
and the end point noted by the disappearance of the blue color. 

The following results were obtained upon the ores, using both 
titrations which agree fairly well. 

Ferrous. " Hypo." 

I. 78.71 per cent i. 78.71 percent. 



78.78 " 78.76 

2. 37.32 •* 78.73 
3728 " 2. 37.33 

3. «o.78 " 37.34 
10.72 *< 37.37 

4. 18.48 *' 3. 10.80 
18.44 ** ia76 

5. 27.31 " 10.81 
27.27 " 4. 18.50 

6. 38.46 ** 18.45 
38.52 ** 5- 27.26 

27.32 

6. 38.57 

38.60 

38.56 
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The results obtained by making weighed additions of impurities, 
using the ferrous titration were as follows : 

Bismuth. 

1. 30 ccm. PbA. Sol. 2.5 ccm. Bi nitrate Sol. 19.30 ccm. K dichromate Sol. 

2. 30 ** ** 5 ** *« 20.09 ** " 

3. 30 ** ** 10 ** ** 21.60 " *« 

4. 30 »* «* 20 ** *« 26.44 *« «« 

5. 30 ** " 40 " ** 34.20 " *« 
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Antimony. 

1. 30 ccm. PbA. Sol. 00 can. Sb chloride Sol. 18.60 cc.xn. K dichromate Sol. 

2. 30 " " 2.5 " " 19.40 " " 

3. 30 " " 5 " *« 21.10 " " 

4. 30 " ** 10 *« •* 21.66 " " 

5. 30 *• '* 20 " •« 24.80 " *« 

Barium. 

1. 30 ccm. PbA. Sol. 2.5 com. Ba chloride Sol. 19.81 ccm. K dichromate Sol. 

2. 30 ** ** 5 «« '« 20.83 " «* 

3. 30 " " 10 " *« 22.80 •« ** 

4. 30 " •* 20 «* " 24.64 " " 

5. 30 " «* - 40 " " 28.30 



<< <( 



Strontium. 

1. 39 ccm. PbA. Sol. 2.5 ccm. Sr chloride Sol. 18.90 ccm. K dichromate Sol. 

2. 30 «* " 5 «* «« 19.20 *« " 

3. 30 •« ** 10 " *' 19.93 ** " 

4. 30 ** ** 20 •« " 21.00 " «* 

5. 30 ** «• 40 «' «* 21.88 " *' 

Calcium. 

1. 30 ccm. PbA. Sol. 2.5 ccm. Ca chloride Sol. 18.70 ccm. K dichromate Sol. 

2. 30 *< *• 5 ** *« 18.76 ** »* 

3. 39 " '* 10 " " 19.34 " " 

4. 30 " " 20 «• " 20.20 ** *« 

5. 30 *• «* 40 " *♦ 21.50 " ** 

In the above titrations the back titration with the ferrous solu- 
tion has not been recorded but the number of com. of the potas- 
sium dichromate actually required is given. 

H. Ferrocyamde Method. 

This method was first described by Low in the Chemical News 
for 1897, but on account of the lack of proper conditions the 
method proved somewhat erroneous. The method here pursued 
was as follows : The lead sulphate was obtained as described in the 
gravimetric lead sulphate method. Add 10 ccm. ot a cold satur- 
ated solution of commercial ammonium carbonate and heat gently 
to boiling to prevent spattering^ the heating being necessary to 
ensure the complete conversion of any sulphate of calcium to 
carbonate. Cool to ordinary temperature and filter through the 
original filter, washing the precipitate and flask thoroughly with 
cold water until no alkaline reaction is noted. Place in the flask 
about 5 ccm. of glacial acetic acid and 25 ccm. of distilled water 
and heat, place in this solution when hot the filter and precipitate 
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of lead carbonate. Boil this until the lead carbonate is completely 
dissolved, dilute to about 150 ccm., heat to about 60^ C. and 
titrate with a standard solution of potassium ferrocyanide, the end 
point being noted by the usual brown color when a drop of the 
solution is placed on a white porcelain plate with a drop of satur- 
ated neutral solution of uranium acetate. 

Beebe also describes a method similiar in principle to the above 
in the Chemical News for 1896. 

Free ammonia must be absent in the above described method 
as it reacts with the uranium interfering with the true color and so 
giving very low results. This coloration due to ammonia does not 
appear at once but comes quickly as more ferrocyanide is added. 
Other indicators were tried as platinic chloride, this was not af- 
fected by the salts in solution but did not give a very sharp end 
reaction so is not recommended ; nitrate of cobalt was even less 
satisfactory. 

The conditions best adapted for the titration, found by many 
experiments, were: Bulk of solution to be titrated should be as 
near as possible to lOO c.cm. containing about 10 ccm. of 50-per- 
cent, acetic acid, temperature about 60° C; the correction for the 
indicator is then about eight tenths of i c.cm. These are the 
most convenient conditions to maintain and which will give the 
lowest allowance for the indicator. A i-per-cent. potassium fer- 
rocyanide was used. It cannot be over-emphasized that it is very 
important to always maintain these conditions as a slight variation 
gives erroneous results on account of the variation in the composi- 
tion of the precipitate. 

The following results were obtained on analysis of the six ores : 



I. 78.67 per cent. 


3. 10.90 per cent. 


5. 27.25 percent 


78.65 " 


10.86 ** 


27.18 " 


2. 373" " 


4. 18.44 " 


6. 38.65 " 


37.29 " 


18.48 " 


38.58 " 



The effect of impurities upon the method was as follows, being 
carried out in the usual way as before described : 

Antimony. 

1. 30 ccm. PbA. Sol. 00 c.CQX. Sb chloride Sol. 35.40 c.cm. K Fenocy. Sol. 

2. 30 '• ** 2.5 «* " 35.35 «* 

3. 30 " *• 5 " " 3540 " " 

4. 30 " •* 10 " '« 35.38 



«< (( 



<( <( 0*r\ (< <( •9r ACi « << 



5. 30 •* «• 20 " •• 35.40 
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1. 30 can. FbA. Sol. 

2. 30 " " 

3- 30 

4. 30 

5. 30 
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5 
10 

20 
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5 
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5 
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20 

40 

2.5 

5 
10 

20 

40 



Bismuth. 
ccm. Bi nitrate Sol. 



ti 



<« 
it 



35.40 ccm. K Ferrocy. Sol. 

35.30 

35.10 
35.00 
34.80 



4( 

u 



(( 

<« 

44 
If 



Barium. 
c.cm. Ba chloride Sol. 



44 

44 
44 
44 



44 
44 
44 
44 



35.30 C.cm. K Fenocy. Sol. 

35.20 

34.98 

34.85 

3380 



44 
44 
44 
44 



44 
44 
44 

<4 



CALaUM. 

c.cm. Ca chloride Sol. 



44 
44 
it 
44 



44 
44 
(4 
44 



35.40 ccm. K Ferrocy. Sol. 
35.40 «* «• 

35.35 
35.40 

35.38 



44 

44 
44 



44 
44 
44 



Strontium. 
c.cm. Sr chloride Sol. 



44 

44 
(4 
44 



44 
44 
44 
44 



35.40 C.cm. K Ferrocy. Sol. 

35.40 

35-42 

35.38 

35.40 



44 
44 
44 
44 



44 

44 
44 
44 



Summary of Results. 

The following is a table of the results on the difTerent ores as 
obtained by the various methods described, also a table of the 
interferences as they occur in each of these methods of analysis. 



I 

2 



I. 

II. 

III. 

IV. 

V. 

VI. 



; Assay. 


Sulphate 
ethod. 


Chromate 
ethod. 


I 


•gs 






^ 


\ 


76 


78.68 78.71 




78.62 78.68 


37 


37.20 37.28 


— 


37.26 37.30 


9 


10.76. 10.77 


— 


10.74! 10.74 


24.7 


18.40 18.45 


base metal 


18.43 


18.40 


26.7 


27.25 


27.23 


— 


27.21 


27.20 


37.8 


38.50' 38.47 




38.54 


38.50 
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These results are percentages of lead : 

First line = millegrams of lead taken. 

Second line => millegrams of designated impurity taken. 

Third line » millegrams of lead found by use of designated 

method. 

Fourth line =s percentage of error (high « +) or (low = —) in 

terms of lead. 

Conclusions. 

After carefully reviewing the tables of results obtained on the 
ores and by weighted additions of impurities it becomes evident 
by the nature of the closely agreeing results upon the ores that 
there are four volumetric methods for lead that should receive at- 
tention : Namely, the molybdate or Alexander's, the dichromate 
or back titration yrith either a ferrous salt or by " Hypo," Koenig's, 
and the ferrocyanide. 

By an examination of the interference table we must at once 
conclude that the dichromate is more liable to be inaccurate than 
any of the others unless a great deal of time is spent in washing 
out the foreign chromates which in many cases are sparinirly 
soluble, therefore requiring a great deal of time. 

Koenig's method is the one method where an inside indicator 
makes it advantageous ; it is also fairly rapid to manipulate and 
gives with ordinary amounts of impurities good results, however in 
some ores erroneous results are quite apt to occur. 

The methods which give very good results even in the presence 
of extaordinary amounts of impurities are the ferrocyanide and 
Alexander's methods. Both have the disadvantage of having out- 
side indicators where allowances must be made very carefully in 
order to get agreeing duplicates in analysis. The time required 
for the manipulation of either method is about the same, i. ^., about 
one hour, either requiring less time than any of the methods be- 
fore discussed. 

In concluding therefore the preceding work points out quite 
conclusively that the ferrocyanide titration method is at least one 
of the best methods for a lead assay in the wet way that is known 
at present, not only as regards rapidity but also by its accuracy, 
ha/ing even a slight preference over Alexander's molybdate method 
in so far as interfering elements are concerned. 

This work was undertaken at the suggestion of Professor Edmund 
H. Miller, and carried out under his supervision and guidance. 
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^I take this occasion, therefore, to express my appreciation to 
him for his advice as well as the kind assistance which he has ren- 
dered during the work. 
quanhtative chemical laboratory, 
Havembyer Hall, Columbia University, 
June^6,'i902. 



THE CONCENTRATION OF BARIUM IN LIMESTONE. 

By C. W. DICKSON. 

The investigation described in this article was undertaken with • 
the object of offering a reasonable explanation for the concentra- 
tion of barium in limestone and its presence there as sulphate. 

The particular case studied was in a quarry of Trenton limestone 
near Kingston, Ont. Running from top to bottom ot its exposed 
face there is a small vein 2 to 3 inches wide, composed of crystal- 
line calcite and barite, intimately associated with fine, disseminated 
particles of iron pyrites. 

The general character of the limestone is shown by the follow- 
ing analyses made by Mr. J. C. Murray, B.Sc. 



1 i» I 3 5 I 9 I xa ' .13 I x6 I ao • I as I a9 ^ 31 

CaCO, — ' 75.00 ' 52.40 80.04 87.33 92.20 ' 91.271 90.60 86.32; 78.57 88.00 

MgCOj — ' 3.08,11.42 5.46 1.43' "-68 462' 3.51 6.25 5.91 I 5.23 

FcjO, -f AljOj 4.82 2.92 2.80 4.46' — — I 0.48 0.56 1.58 2.46 J 2.24 

Insoluble, 88.00 18.92 > 32.60 ' 10.30 — I — > 4.60 6.18 6.4812.40 4.04 

Total, — 9992 99.26 100.26 — — 1 100.97 100.08 100.941 99.34 99.57 



DistriduHon of Barium. — Before proceeding with a discussion 
of the question at issue, it might be well to briefly review some 
facts regarding the distribution of barium and the artificial prepar- 
ation of its crystallized sulphate. The almost universal presence 
of barium in eruptive and crystalline rocks is well established by 
the results obtained in the laboratory of the U. S. Geological Sur- 
vey, and Prof. F. W. Clarke, chief chemist of the Survey, has es- 
timated that it forms .05 per cent, of the primitive crust of the 
earth. Sandberger, in connection with his investigations on the 
sources of the heavy metals and gangue minerals of veins, proved 
the presence of barium in various feldspars and their associated 

*The numbers refer to the layers. No. I is the subsoil. 
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minerals. He has also identified minute crystals of barite in the 
insoluble residue of a limestone. (Sitzungsberichte d. Math. phys. 
Classe d. k. bayer, Acad. d. Wiss., 1891, XXI, p. 291.) Besides 
occurring abundantly as a gangue mineral in metalliferous veins, 
especially those containing lead and zinc, barite is frequently found 
in nodules and boulders in clay overlying limestone. 

Formation of BaSO^. — Senarmont found that BaSO^ was slightly 
soluble in a solution of sodium bicarbonate and in carbonic acid, 
and obtained crystals of the sulphate by heating the salt in a 
closed vessel at 250^ C. for some time. Jt has also been obtained 
in a crystalline form by different experimenters by precipitating 
various salts of barium with soluble sulphates. The oxidation of 
BaS also appears to give at times crystallized sulphate. 

Mr. Alex Gorgeu has produced crystallized barium sulphate, 
very similar to the natural mineral, by dissolving the salt in vari- 
ous fused chlorides and cooling slowly. But from the nature of 
the case this method of preparation can offer no explanation of 
the formation of barite as a vein mineral. 

Dr. Clowes {CAem. News, March, '99) calls attention to the pres- 
ence of from 33-50 per cent, of BaSO^ as a cement in a sandstone 
at Bramcote and Stapleford, near Nottingham, England. Barium 
chloride, while not found in solution in Nottingham, occurred as a 
normal constituent of the water from artesian borings near by. 

Deposits containing 90 per cent. BaSO^ are described from the 
boxes of coal mines near Newcastle-upon-Tyne {Chem. News, 
August. '99). Professor Bedson is of the opinion that the deposi- 
tion results from the admixture of waters of the district containing 
barium chloride, and ferrous sulphate resulting from the oxidation 
of pyrite in the shale. 

Source of the Barium, — ^To ascertain the probable source of the 
barium of the vein filling in question, a systematic examination 
was first made of the limestone for total sulphur and barium. The 
results are as follows : 
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. Nos. la and b^ surface layers of decomposed limestone and 
glacial drift which covers the district 2 and 3 shattered and 
broken stone. 4a and b loose, weathered and clayey stone. 6-9 
more compact, blue stone. 10 shaley and broken stone. 12—31 
compact blue stone. Sulphur occurs partly as sulphide and partly 
with barium as sulphate, and is pretty evenly distributed. The 
barium, however, is somewhat more abundant in the upper half of 
the deposit, though all the samples analyzed showed at least a 
trace. 

The soil layers i [a and 3) and also 2-3 but especially 4 and 10 
contain the largest amounts. 

The compact lower half (12-31) contains only traces and the 
compact layers of the upper half only small quantities. A number 
of the undecomposed glacial bowlders or " hardheads " were also 
analyzed for barium. One, a light-colored anorthosite yielded o.i i 
per cent. BaO, while others of augite syenite, the most common in 
the locality yielded 0.25-0.30 BaO. 

From its relatively large amount in the boulders of the glacial 
deposit, the latter may be looked upon as the probable source of 
the barium. If it had been derived from the limestones, we would 
naturally expect to find it in greatest amount in the solid, less per- 
meable layers. But as a matter of fact the analyses show that the 
layers most permeable by infiltrating solutions are richest in this 
element, so that it seems probable that a certain amount of sul- 
phate has been deposited here, instead of being removed. 

Nevertheless Sandberger's interesting discovery of barite, evi- 
dently as an original constituent, in limestone, points to this as a 
possible source. The presence of small but invariable amounts of 
barium in the material examined is also suggestive. 

The alternative of the deep-stated origin of the mineral, and its 
deposition from an ascending solution, does not appear probable, 
or necessary in this particular case, at least. 

Especially so, as the fissure now filled by the vein was without 
doubt originally a line of drainage receiving most of its waters 
from points at or near the surface. 

Deposition as Sulphate, — The barium existing in the original rock 
as a silicate, most likely a feldspar, would be set free in the form 
of a soluble bicarbonate by infiltrating waters containing alkaline 
carbonate, carbonic acid, etc. Later, under proper conditions, 
precipitation as the insoluble sulphate would result. 
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To determine what conditions favored this precipitation a num- 
ber of experiments were made. A solution of barium carbonate 
in carbonic acid was passed slowly through two flasks, one con- 
taining clear crystals and cleavage pieces of selenite, and the other 
pure anhydride. A white crystalline precipitate appeared which 
increased till a heavy deposit resulted. After continuing the ex- 
periment for a month the contents of the flasks were examined. 
The precipitate in the flask containing the selenite was abundant, 
not adhering very closely to the mineral. That from the anhydrite 
was in much smaller amount and quite firmly adherent to the 
mineral. 

Examined microscopically, the deposit was seen to consist of 
transparent plate-like crystals ; the larger individuals being made 
up of numbers of small ones in parallel position. On analysis it 
proved to be pure BaSO^. The selenite was distinctly acted upon, 
the angles being rounded and the faces etched. The anhydrite 
was but slightly affected. 

In another experiment, a solution of barium carbonate in carbonic 
acid was allowed to act on small pyrite crystals in a closed vessel 
in the presence of an oxidizing agent (H,0,) for some weeks. The 
pyrite was partly dissolved and a fine crystalline deposit formed. 
This consisted largely of BaSo^. The reaction here was probably 
the same as that which produced the barium sulphate in the sand- 
stone near Nottingham, and in the boxes of the coal mines at 
Newcastle. 

The formation of selentine in clay at Wiesbach in Baden seems 
to be an analogous case. The clay contains pyrite crystals, more 
or less decomposed, and lime; the selenite resulting from the 
action of the products of oxidization of the pyrite on the calcium 
carbonate. 

The vein in question, serving as a drainage channel, would offer 
excellent conditions for the deposition of calcite, from the carbon- 
ate carried in solution from the neighboring limestone. Barium 
leached from the overlying deposits would under favorable circum- 
stances be precipitated as sulphate along with the calcite. Condi- 
tions similar to those in the first experiment would answer, but no 
selenite or anhydrite could be detected in the vein filling. Reac- 
tions like those of the second experiment are sufficient to explain 
the deposition, as pyrite was found scattered freely through the 
calcite. 
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Most likely, however » some of the calcite has been altered in situ 
to sulphate by the action of the oxidizing pyrite. This reacting 
with the barium bicarbonate in solution in the infiltrating waters, 
would cause its deposition as sulphate, in its present position. 



NOTICE. 

Wanted^ copies of The School of Mines Quarterly, Volume 
XII.» No, 2, and Volume XIX., No. 2. Seventy-five cents each will 
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terly if sent to the Business Manager of The School of Mines 
Quarterly, Columbia University, New York City, on or before 
January i, 1903. 
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First Book of Qualitative Chemistry. By Albert B. Prescott and 
Eugene C. Suluvan. New York, D. Van Nostrand Co., 1902. 
8vOy pp. 148. Price, 1 1.50, net. 

The title of this book, though somewhat unusual, describes it exactly ; 
it is neither qualitative analysis nor elementary inorganic chemistry, but 
qualitative tests and reactions explained on the modem theories of 
ionization, hydrolysis, solubility product, etc. It is divided into three 
parts: 

Introductory, in which is discussed, valence, nomenclature, formulae, 
electrolytic dissociation, equilibrium, solubility, hydrolysis and the 
periodic system. 37 pages. 

The MetaiSy contains the important analytical reactions of the basic 
kathions. 60 pages. 

The Non-MetaiSy the reactions of the anions. 34 pages. 

The theoretical portion, though well expressed and concise, seems 
difficult when compared with the simple tests which follow. The facts 
and reactions given are well chosen. The idea is excellent, to form a 
connecting link between an elementary course in general chemistry and 
the separations of qualitative analysis, but this term "qualitative chem- 
istry" is certainly open to objection, for chemistry is quantitative, and 
the sooner the student performs his work on weighed portions the sooner 
he gets a realizing sense of the meaning of chemical laws. Analysis may 
be qualitative but the science is exact. 

Some few of the statements in the book are at least open to criticism 
and should be more exact even in an elementary book. For instance, on 
page III, " precipitations caused by K4Fe(CN)^; CdgivcsCd2Fe(CN)3; 
Mn gives Mn,Fe(CN)e; Zn gives ZnjFeCCN)^" it docs, but under 
conditions not explained, and does not in either a neutral or acid solu- 
tion. 

The present trend of chemical education is to diminish the time de- 
voted to qualitative analysis, based on a well- founded distrust of the 
educational or practical value of the conventional qualitative schemes. 
Some of the time now given to following these schemes could be more 
profitably spent in the study of reactions as explained in the book under 
review. 

As a whole the work is very good and in helping to teach qualitative 
analysis as reactions for ions will undoubtedly assist many. £. H. M. 

Theory of Optics. By Paul Drude, Professor of Physics at the Univer- 
sity of Giessen. Translated from the German by C. Riborg Mann and 
Robert A. Millikan, Assistant Professors of Physics at the University 
of Chicago. New York, Longmans, Green & Co. 542 pp. Price, 
1^4.00. 

This translation of Professor Drude's excellent and modem presentation 
of the subject of optics will be of much use to English-speaking students 
of physics. On reading the book one is ready to say that the author has 
carried out successfully his avowed purpose of so presenting the subject 

VOL. XXXII. — a6. 
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that the reader may be strengthened '* in the view that optics is not an 
old and worn-out branch of physics, but that in it also there pulses a new 
life, whose further nourishing must be inviting to every one." The trans- 
lators have done their work accurately and faithfully, producing a text 
which l)etrays very little the fact of its being a translation. 

Published in German in 1900, it is decidedly the most modern text book 
on optics, for it is as a text-book rather than a compendium that the author 
has planned it. The arrangement of the contents is natural and con- 
venient, and is well emphasized by the typography. Part I., about one fifth 
of the whole, deals with geometrical optics : the fundamental laws, images, 
apertures, and an excellent, though short, chapter on optical instruments. 
Part II., covering three fourths of the book, deals with ph3fsical optics in 
two sections. Section I. is on the general proprieties of light considered 
as wave-motion ; velocity, Huygen's principle, diffraction, and polariza- 
tion. Michelson's echelon, as well as the grating spectroscopes, is treated 
in the chapter on diffraction. Section II treats of the optical properties 
of bodies. Here the author at once adopts the electromagnetic theory of 
light as being the most consistent and convenient, and consequently de- 
velops his subject from the first in the way most in accord with presen - 
day ideas. This indeed is probably the most valuable portion of the 
book, for this complete development on the basis of the electromagnetic 
theory is something no English author has yet attempted. Here are 
chapters on the transmission of light through transparent isotropic media, 
through crystals, through absorbing media, on dispersion, on optically 
active, and on magnetically active substances. In this last chapter the 
hypotheses of molecular currents and of the Hall effect are introduced 
and the Zeeman effect discussed. Finally there is a chapter on the optical 
phenomena of bodies in motion, following Lorentz's development on the 
assumption of a stationary ether. Part III. treats of radiation, a subject 
generally left to thermodynamics, though belonging as propt rly to optics. 
The three chapters in this section are on the energy of radiat on, the ap- 
plication of the second law of thermodynamics to radiation and incan- 
descent vapors and gases. 

Scattered through the book are numerous footnotes giving references 
to important papers, memoirs or treatises, although no attempt has been 
made to furnish an extensive bibliography. As compared with Preston's 
" Theory of Light,'* the standard English book of this class, Drude's book 
gives a better presentation of the subject as it now stands, without making 
any attempt to develop it historically. Then of course Preston's book 
does not contain any of the important advances of the last ten yerrs, most 
of which are well treated in Dnide's book. To quote from Professor 
Michelson's preface to the English translation, **No one who desires to 
gain an insight into the most modern aspects of optical research can af- 
ford to be unfamiliar with this remarkably original and consecutive pre- 
sentation of the subject of optics. G. B. P. 

A Text Book of Inorganic Chemistry, By Dr. A. F. Holleman ; trans- 
lated by H. C. Cooper, Ph.D. New York, John Wiley & Sons, 1902. 
8vo, pp. 446. 

The distinctive feature of this work is the introduction of sections on 
physical chemistry at intervals, covering : Molecular weight deter mi na- 
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tions, dissociation, the phase rule, thermochemistry, atomic weight de- 
terminations, the periodic system, salt solutions and electro-chemistry; 
thus giving with the description of the properties of elements and com- 
pounds the most recent theories of chemistry ; also, in the descriptive 
portions the subject is treated from the standpoint of these modern ideas. 
In doing this the author has given emphasis to the importance of teach- 
ing chemistry as a whole, giving theoretical explanations of simple facts 
based on recent work and not leaving physical chemistry as a subject by 
itself to be avoided by practical chemists.. 

The subject, inorganic chemistry, is treated from the purely scientific 
standpoint, and, though many processes of commercial importance are 
given, the work contains much less detailed information on the prepara- 
tion of compounds than those of Ostwald, Remsen or Erdmann. The 
facts are concisely stated and up to date — the argon elements have a place 
in the periodic table, the results of Dewar's work at low temperatures and 
Moissan's with the electric furnace are alike included. It is for present- 
ing the subject from the modern point of view that the work is particu- 
larly valuable and will find a ready acceptance not only in technical 
schools and colleges, but particularly by those who teach beginners in 
chemistry and who wish to present the rudiments of the subject so that 
their teachings will be in line with what the student gets later in his course, 
so that the theory as advanced by the high school shall not be contra- 
dicted by the university. 

The book contains a few typographical errors and minor mistakes but 
not such as detract materially from its great merit. If it is to be criticised, 
it will be that too much space is given to theory and not enough to 
things practical, but it is hoped that this will not be the verdict and that 
the practical processes will, by the Help of this work, be looked at from the 
theoretical standpoint which may result in making them even more prac- 
tical and more profitable. E. H. M. 
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CURRENT MINING DECISIONS.* 

Claim — Forfeiture — Relocation — Resumption of Work — Evidence. 

Where a local regulation required a notice of a mining claim to be 
posted at each end thereof, and notice was posted at only one end, all 
other regulations being complied with, the failure to post at both ends did 
not work a forfeiture, in the absence of a rule so providing. 

Under Rev. St. U. S. § 2324, providing that, on the failure of a claim- 
ant to perform the requisite amount of work on a mine, it shall be open 
to relocation, unless the original locators have resumed work on the claim 
before such relocation, where plaintiff in good faith resumed work on a 
mine previously located by him the day before defendant's location thereof, 
plaintiff has the superior right thereto. 

Plaintiff's employee testified that he went on the mining claim Decem- 
ber 30, and commenced work thereon on the 31st. The merchant of 
whom he purchased supplies testified that they were delivered on the 
claim to such employee on the 30th. Defendant and another and another 
testified that they went on the claim and around its boundaries on the 31st, 
and saw no one working there, but did not go where the employee said he 
was at work. Held, that the testimony of the employee that he worked 
there on the 3TSt was uncontradicted. 

Where a valid location of a mining claim has been made, and work 
done thereon in good faith, possession maintained, and no intention to 
abandon is shown, the law should be construed liberally, to prevent a 
forfeiture. 

Emerson et aL vs. McWhirter et aL^ 65 Pac. Rep. (Cal.), 1036. 

Location — Surface Rights — Appropriation — Common-Law Rights — 

Supreme Court — Jurisdiction — Supervisory 

Con trol — Purchaser. 

Relators were the owners of patented claims Anaconda, St. Lawrence» 
Smoke Stack, and Rob Roy, and subsequently defendant located the 
Copper Trust mine on a discovery near the eastern comers of the Smoke 
Stack and St. Lawrence, alleging that the vein there discovered passed 
on its strike through the Smoke Stack, the St. Lawrence, and into the 
Anaconda. Defendant's claim was so located as to include within its 
lines most of the space included within the Smoke Stack, and St. Law- 
rence, and also a space to the southwest of these claims and to the east 
of the Anaconda not included in the surface rights of the three claims 
through which the vein passed, nor subject to their extralateral rights, but 
which was within the surface of the Rob Roy. Defendant did not claim 
any right to follow the vein to such a space, but that it belonged to him 

* Prepared for The School of Mines Quarterly by Andrews & Murdoch, Berriea 
Springs, Michigan. 
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by appropriation. Heid, that the ores in such space belonged prima 
facie to the relators, as owners of the Rob Roy, by virtue of common- 
law rights, though no part of the apex was within its bounds, and there- 
fore it was error, in an action by the defendant against the relators for 
removing ores from such space, to grant him an order for the inspection 
of relators' mines, under Code Civ. Proc., §§1314, I3i5> providing that 
such order may be made '' for good cause shown " pending an action for 
the recovery of a mine. 

Where defendant sued relators, alleging that they were removing ore 
from certain premises the right to which was in defendant, but the evi- 
dence showed that the prima ficie right was in relators, an order grant- 
ing defendant and his employees, right to enter and inspect all of relators' 
surrounding mines for the period of forty days for the purpose of obtain- 
ing evidence, being an order not appealable nor subject to control by any 
of the specified writs within the jurisdiction of the court, it was a proper 
case for the court to exercise the power of " supervisory control " over 
the inferior court, conferred by Const, art. 8, § 2. 

State ex rel. Anaconda Copper-Min. Co. et al. vs. District Court of 
Second Judicial Dist. of Silver Bow County et a/., 65 Pac. Rep. (Mont.), 
1020. 

Location of Claim — Boundaries — Evidence^Abandonment — Pos- 
session — Protection — Group of Claims — Work on a Part. 

Where, on relocating a well-known mine, notices of claim containing 
explicit descriptions of monuments and boundaries are posted and filed, 
and six years afterwards a sufficient number of the monuments are found, 
so thit by following the descriptions in the notices the boundaries are 
traced, a finding that the claims had been marked so that the boundaries 
could be readily traced is justified. 

Where plaintiff is in possession of a mine as successor in interest of the 
locator, prima facie evidence of the location is sufficient to justify a ver- 
dict against one who, knowing of such location, relocated the mine on 
the claim that the mine had been abandoned and no work done thereon 
during the preceding year. 

Where plaintiff produced deeds for mining claims from the persons who 
located the mines more than six years before the trial, and showed its 
actual possession for the last two years, a verdict that it and its prede- 
cessors had been in possession for six years was justified as against a de- 
fendant claiming the mines as abandoned. 

Where plaintiff, owning three contiguous mining claims, did no work 
on one claim, but did sufficient on the other two to have protected all, 
the question whether the work so done was for the benefit of the group of 
claims and tended to develop the one not worked on was for the jury. 
Yreka Min. & Mill. Co. vs. Knight, 65 Pac. Rep. (Cal.), 1091. 

QUALinCATION OF LOCATOR — Bv WhOM QUESTIONED. 

The fact that the locator of a mining claim is an alien cannot be made 
the basis of an action against him by a subsequent locator to recover pos- 
session of such claim ; the question of the effect of his alienage on the 
validity of his location being one which cannot be raised and determined 
in an action between private persons to which the United States is not 
a party. Tornanses vs. Melsing ef a/., 109 Fed. Rep. (U. S.), 710. 
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Appeal — Facts Assumed — Finding Gold — Master and Servant — 

Mill Site. 

Where, in an action by an employee to recover gold found by him 
while working on public land, and taken from him by his employers, 
there is no finding as to plaintiffs intention to appropriate the gold when 
he took possession of it, on appeal from a judgment for defendants it 
must be'assumed that plaintiff, on discovery, reduced the gold to posses- 
sion, with intent to appropriate it to himself; otherwise, a new trial would 
have to be ordered for lack of findings. 

Under Rev. St. U. S., §2319, providing that all valuable mineral 
deposits in lands belonging to the United States are free, and Civ. Code, 
§ ioc6, that occupancy for any period confers a title sufficient as against 
all except the state and those having title, one finding and taking posses- 
sion of gold on public land may recover it from any one taking it away 
from him. 

Where defendants were grading on public land for a mill site, but had 
not complied with any of the provisions of Rev. St. U. S., §2337, for 
acquiring title thereto, they were not occupants of any land beyond the 
level space graded for the mill site, and had no right to gold found by 
others beyond the limits of such space. 

Under Rev. St. U. S.j § 2319, title to mineral lands cannot be acquired 
by occupancy unless the occupancy is for the purpose of mining or ex- 
tracting the minerals. 

Plaintiff, while working for defendants in grading a site for a mill on 
government land, found and took. possession of some gold. Defendants 
took the gold from him, claiming to own it under Civ. Code, § 1985, pro* 
viding that everything which an employee acquires by virtue of his em- 
ployment, except his compensati on, belongs to the employer. Held^ 
that the gold was not found by virtue of the employment, and did not 
belong to defendants, since the employment was not to search for gold, 
but to excavate and throw away the earth removed. Bums vs. Clark et 
aLt 66 Pac. Rep. (Cal.), 12. 

Lease of Mining Claim — Termination — Corporation — Unauthor- 
ized Act of Officer — Ratification — Exceptions — Appeal. 

Plaintiff leased a mining claim of defendant mining company. The 
lease was executed by the company's superintendent, and provided, if 
there should Ae a sale or transfer of the property during the term, plain- 
tiff would surrender and the lease be void. Soon after plaintiff struck 
ore in paying quantity, such superintendent falsely notified plaintiff that 
the property had been sold or changed hands, and directed him to quit 
work, which he did and surrendered ihe mine to defendant company. 
Heldj that plaintiff was justified in relying on the notice received. 

W^here the superintendent of a mining company, who executed the 
lease, falsely notified the lesee that the property was sold, and to quit 
work, as the lease provided in that event, and the company ratified such 
notice by refusing to reinstate the tenant after he discovered that the 
property was not sold, the company was responsible for such act of its 
officer, though he had not been specially authorized to make the false 
statement by the directors. 
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A mining lease provided that it should terminate on '' a sale or trans- 
fer " of the property during the term. Held^ that the word ." transfer/* 
as there used, relates to a transfer of title, and not to a mere transfer of 
light of possession. Ober vs. Schenck et aL^ 65 Pac. Rep. (Utah), 

Oil Lease — Renewal — Consideration — Recording. 

Under Rev. St. §41 12a, providing that oil leases and assignments thereof 
must be recorded in the office of the recorder of the proper county, and 
that no lease thereafter executed should be valid unless the person claim- 
ing thereunder was in actual possession until the same was filed for record, 
an extension of an old lease under the option given in it is invalid unless 
recorded or unless such lessee is in actdal and open possession. 

A lease of exclusive privilege of drilling for oil and gas for the term 
of two years on a consideration, acknowledged by the lease to be paid, 
of f 1.00, is not void for want of mutuality. 

A provision, in a lease for two years, granting a privilege of boring for 
oil and gas, by which the terms of the lease could be continued for 
twenty-five years on an actual payment oi t\,oo an acre for the land 
leased, is not void as against public policy. Brown vs. Ohio Oil Co., 21 
OhioCir. Ct. R., 117. 

Provisions in Lfase for Forfeiture — Delays in Operation. 

Where an oil and gas lease provides that the lessee shall commence a well 
within a specified time, or pay a certain sum of money, or the lease shall 
be void, and, if such sum is paid, then pay a certain rental until a well 
is commenced for two >ears, and a failure to pay the rental shall render 
the lease void, the forfeiture clause is for the benefit of the lessor, and 
the rentals can be recovered in an action of assump^t. Miller vs. Logan, 
31 Piltsb. Leg. J. (N. S.), 217. 

Operation of Minis, Quarries, and Wells — ^Rights and Liabil- 
ities Inqdent to Working. 

Servitude of subjacent support exists in favor of the surface land 
against the mineral estate underneath, and the owner of the land has an 
absolute right to have the surface supported in its natural state, and dam- 
ages are recoverable for a failure so to do; but, where they would be in- 
adequate to compensate for the injury, the removal of the mineral may 
be restrained by injunction. Chicago & A. R. Co. vs, Brandau, 81 
Mo. App., I. 

Contracts — Parties Bound. 

A part owner of mining claims, whose interest was not of record, but 
who assented to the bonding of the same by the record owner, has no 
standing in equity to repudiate a conveyance of his interest by his co- 
owner in accordance with the terms of the bond, on the ground of a 
private agreement between them that such conveyance would not be made 
unless the purchaser also took certain other claims bonded separately. 
Cline vs. Jdjnes et a/., 109 Fed. Rep. (U. S.), 961. 
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Mining Contract — Construction — ^Liens — Actions— Sun* for 

Advances. 

The owners of a mine agreed that one owner should make certain im- 
provements and acquire additional property, and that the other owners 
should not be personally liable for any part of the sum so expended, but 
that their interest in the mme should be chargeable with their proportion 
of such expenditure, and that such owners should be entitled to a certain 
interest in the entire property when the proceeds were sufficient to pay 
the sum so advanced and interest thereon, or when they paid their pro- 
portion thereof. Held^ that such contract did not give the owner mak- 
ing such improvements a lien for the advances on the interests of the 
other owners. 

A complaint by a part owner of a mine against the other owners, stat- 
ing that plaintiff and defendants were partners till a certain date, but 
not alleging the partnership thereafter, and stating facts tending to nega- 
tive the existence of such partnership, and alleging advances made by 
plaintiff in improvements under a contract by which defendants were 
chargeable with a proportion thereof, and alleging a sum due thereunder, 
is an action to enforce a lien on the interest of defendants, and is not an 
action for a partnership accounting. Frowenfeld vs. Hastings, 66 Pac. 
Rep. (Cal.), 178. 

Contracts — Construction. 

A contract for the sinking of a mining shaft provided that the defen- 
dant was the owner of the *' IXL lode mining claim," and that it **has 
upon said lode a shaft 115 feet in depth, and desired to sink the same an 
additional depth of no feet," and that the plaintiffs ''have agreed to so 
sink said shaft." In an action on the contract the defendant alleged the 
plaintiffs failed to comply therewith, in that the shaft, eighteen feet from 
the point where they Commenced work, was sunk off and away from the 
vein of ore. Heldy that there was no agreement to Sink the shaft on the 
vein, the inference being that the shaft should be extended on the same 
course as the old one. 

Where, in an action on a contract for the sinking of a mining shaft, 
the defendant alleged that eighteen feet from the starting point the shaft 
departed from the ore vein, the defendant, on the completion of the 
shaft, will be precluded from claiming the breach of contract by a pay- 
ment to plaintiffs, without objection, of the amount due, when the shaft 
was at a depth of seventy feet. Buckeye Min. & Mill Co. vs. Carlson 
etal.^ 66 Pac. Rep. (Colo.), 168. 

Precipitation of Metals — Patent No. 607,719 — Application or 

Old Process to New Use. 

Patent No. 607,719, for a process of recovering precious metals from 
their solution, specified that it related to the recovery of precious metals 
from their solution by the use of a " definite quantity " of a finely-divided 
precipitating reagent in a state of agitation. In an action for infringe- 
ment it was proved that, in order to use the process, it was necessary to 
use more zinc dust than was actually necessary to precipitate the solution, 
to prevent the process of the redissolution of the metals, which otherwise 
would immediately begin, and it was contended that by reason of such 
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fact the specification was not concise and eicact, so as to enable a person 
skilled in the art to make use of the same, as required by Rev. St., § 4888. 
Heidy that the term '' definite quantity," as used in the specification, 
should receive a liberal construction, and should not be limited in its 
meaning only to an amount of zinc dust necessary to properly precipitate 
the metals, but may mean the certain amount needed in either case to 
properly produce the result, as distinguished from an indefinite or un- 
limited amount, as was used in the older process. 

De Lamar patent, No. 607,719, issued July 19, 1898, for a process 
for recovering precious metals from their solution by the use of zinc dust 
in a state of agitation, is an old process applied to a new use, and is an- 
ticipated by prior publications and patents, and is therefore void. De 
Lamar vs, De Lamar Mm Co , no Fed. Rep. (U. S ), 538. 

Labor in Mine — Permission of Owner — Knowledge of Danger — 

Assumption of Risk — Appeal. 

In an action to recover damages [for personal injuries alleged to have 
been caused by reason of the negligence of the defendant, which was a 
mming corporation, where the evidence shows that the plaintiff, at the 
time of the injury, was at work in the mines of the defendant « by the 
latter*s invitation and consent, but not as a servant or employee, and 
that with knowledge of the dangerous condition of the mine at the place 
where the injury occurred, by reason of props not being put under the 
roof of the slope to prevent the falhng of rock, and that the plaintiff, who 
was an experienced miner, continued his work, and while so engaged 
sustained the injuries complained of by reason of rocks falling from the 
roof, which had not been properly propped up, the plaintiff is not entitled 
to a recovery of damages, he having assumed the risks incident to his 
continuing his work with the knowledge of the dangerous condition of 
the surroundings. Sloss Iron & Steel Co. vs. Knowles, 30 So. Rep. 
(Ala.), 584. 

Injury to Miner — Negugence of Boss — Knowledge of Master — 

Safe Entries to Mine. 

A mine boss who has control of a mine, with power to hire and dis- 
charge employees, stands for and in place of the owner or oi)erator of such 
mine as to matters between such employees and owner or operator in the 
operation of such mine, and the owner or oi)erator is chargeable with 
whatever such boss knows or ought to know in the operation of such mine. 

Such mine boss ought to know every fact which he would know if he 
used ordinary care and diligence in performing his duties in the operation 
of such mine. 

Where such mine boss, instead of performing his duties in and about 
the operation of such mine himself, enjoins the performance of such 
duties upon a miner in his employ in such mine, such miner, as to the 
performance of such duties, is not the fellow servant of other miners, but, 
as to them, stands in the same relation as the mine boss, and the mine 
boss is chargeable with whatever notice such miner has or ought to have 
while so performing the duties of such boss. 

In the business of mining coal, it is the duty of the owner or operator 
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of a mine to furnish reasonably safe entries for the ingress and egress of 
those employed in such mine, and to keep such entries in a reasonably 
safe condition, and the miners may rely and presume that this duty has 
been properly performed. 

It is the duty of a miner, as to such entries, to use ordinary care for 
his own safety, in view of what he knows or ought to know as to the con- 
dition of such entries ; and he ought to know every fact which he would 
know if he exercised ordinary care to keep himself informed as to matters 
concerning which it is his duty to inquire in the employment in which he 
is engaged. Wellston Coal Co. vs. Smith, 6i N. E. Rep. (Ohio), 143. 

Master and Servant — Assumed Risks — Injuries — Conclusions- 
Testimony —Exclusion. 

Burns' Rev. St. 1894, § 7479, provides that the operator of a coal mine 
shall employ a competent mining boss to carefutly watch over the airways, 
etc. Section 7472 requires such boss to visit and examine every working 
place in the mine at least every alternate day, and to examine and see that 
such places are properly secured by props, and that safety is assured. A 
boss appointed by an operator failed to examine the mine in which plain- 
tiff worked, as required, and, unknown to plaintiff, the walls between the 
places where coal was mined became so thin that a charge of powder used 
in mining blew one out, and plaintiff was injured. Heldy that such in- 
jury was not due to an assumed risk of the business. 

In an action to recover for injuries caused by a charge of powder blow- 
ing out a wall of coal in a mine, a question asking plaintiff to tell what 
duty the mining boss had to perform in looking after the rooms and en- 
tries, and seeing that the walls were kept a proper thickness, is not objec- 
tionable as calling for a conclusion. 

Where, in an action for injuries sustained by reason of a charge of 
powder blowing out a pillar of coal in a mine, the facts as to such pillar's 
thickness, when it was drilled, and the result of the explosion were before 
the jury, it was not error to exclude an opinion of a witness as to such 
pillar being safe and proper, since such opinion could not have aided the 
jury. Eureka Block Coal Co. vs. Wells, 61 N. E. Rep. (Ind.), 236. 

Adverse Claims — Appeal — Findings— Conclusiveness. 

Where, in a suit to determine adverse claims to mining grounds, de- 
fendant's location rested on an alleged lode location prior to plaintiffs, 
the burden was on defendant to establish the fact of an actual discovery 
prior to the initiation of the plaintiffs location. Sands vs. Cruikshank 
etaLy 87 N. W. Rep. (S. D.), 589. 

Forfeiture by CoOwner — Notice — Sufficiency. 

Rev. St. U. S., §2324, provides that, on failure of a coSwner of a 
mining claim to contribute his share of expenditures required by the 
statute, those who have made the improvements may, at the end of the 
year, give the delinquent personal notice in writing, or notice by publica- 
tion, for at least once a week for ninety days, and if, after ninety days, 
he fails to contribute, his interest in the claim shall become the property 
of such coowners. Heldy that a notice published every day except Sun- 
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day, from Mondayi January 9, to Tuesday, April 2, inclusive, was sufiS- 
cient. Elder ei ai, vs. Horseshoe Min. & Mill. Co. et ai.^^Til. W. Rep. 
(S. D.), 586. 

Location — Instructions — ^Notices. 

Plaintiff baving discovered a mine, and attempted a location which was 
invalid, and defendant having made a location thereof before plaintiff's 
second location, and there being no contention that defendant had failed 
to comply with the law, unless his location was invalid, an instruction, in 
action for the mine, that, plaintiff^s first location being invalid, if de- 
fendant's location was valid, " I am of the opinion that defendant ought 
to recover in this case. But I do not so instruct you. I leave the matter 
open for your own determination," — is erroneous, as allowing' the jury to 
give a verdict contrary to the law, doing equity according to their own 
feelings. 

Where the location of a mine by plaintiff was invalid, admission of his 
location notices to show discovery is prejudicial to defendant, who made 
a subsequent valid location, defendant not being a trespasser or jumper. 
Brown et aL vs, Oregon King Min. Co., 1 10 Fed. Rep. (U. S.), 728. 

Partnership-^Managiment. 

The construction of tunnel^ and the erection of a house for the super- 
intendent is not a permanent improvement, so as not to be within the 
power of the majority of partners of a firm organized to carry on coal 
mining operations for thirty years on leased lands. Markle et aL vs. 
Wilbur et al.f 50 At. Rep. (Pa.), 204. 

Coal Mining — Leases — Royalty. 

A lessee under a lease of coal in place paid each year the minimum 
royalty required by the lease, and at the end of his term had paid more 
royalty than would have been required by the coal actually mined, at the 
royalty per tra provided, except for the minimum royalty provision. 
Afterwards, without going out of possession, he took a new lease. Held^ 
that he could not set off, as against royalties under the new lease, the 
overpayment under the first lease on account of the minimum royalty 
provision. Denniston et aL vs. Haddock, 50 At. Rep. (Pa.), 197. 

Explosions — Personal Injuries to Miner — Concurring Primary 
Negugence — Fellow Servants — Questions for Jury. 

Ballinger's Ann. Codes & St., § 3165, requires mine owners to provide 
reasonably safe places for miners to work. Plaintiff and C were ex- 
perienced miners employed by defendant On going to work C saw the 
word '< Gas " written on a sign. C (plaintiff being in sight of his lamp, 
an open one) took off his coat, went to the face of the breast, and brushed 
the gas with his coat. The gas, on coming in contact with C's lamp, ex- 
ploded, and he and plaintiff were injured. The gas tester had inspected 
the mine and placed warning notices in conspicuous places, and notified 
an assistant to get brattice cloth and meet him later to remove the gas. 
Open lamps were used in the mine, except under contrary direction of 
the tester. There was evidence that the brattice cloth in use was insuf- 
ficient to give ventilation, and a new one had been promised, and that 
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tKe tester had brushed small collections out of the place where the ex- 
plosion occurred, and had directed C to do so. C believed the collec- 
tion of gas which exploded was small enough to brush out. Plaintiff 
testified that he did not see the warning notice that was posted. Hdd, 
to show negligence of defendant concurring with the negligence of plain- 
tiffs fellow servant, so as to render defendant liable. Costa vs. Pacific 
Coast Co., 66 Pac. Rep. (Wash.), 398. 

Mink Employee — Personal Injuries — Direction of Verdict. 

Where decedent, a miner, was killed in taking out the pillar of coal 
which had been left for the support of the roof, but there was no evidence 
that he called for any props which were not furnished, and it affirmatively 
appeared that he knew the coal was crumbling because of the weight of 
the roof, the court properly directed a verdict for the defendant. 

The doctrine that a master must supply a safe place for the servant to 
work does not apply where the place becomes unsafe during the progress 
of the work. Oleson vs. Maple Grove Coal & Mining Co., 87 N. W. 
Rep. (Iowa), 736. 

Landlord and Tenant — Surrender by Tenant — Acceptance of 

Sublessee. 

Plaintiff leased lands to defendant for gold mining. A corporation 
was formed, with plaintiffs knowledge, for the purpose of conducting the 
mine, and a sublease was made to it after defendant had been in posses- 
sion of the property for only a few days. A number of written agree- 
ments changing the terms of the sublease were made between plaintiff 
and the corporation, of which defendant was a stockholder, without any 
notice to defendant of the changes, or any request for his assent thereto, 
and no demand was made on defendant for any payments under his 
original lease for eleven years, when this action was brought. Held, that 
the defendant's lease was surrendered by operation of law^ the plaintiff 
having accepted the corporation as the tenant. Gingrass vs, Mather, 87 
N. W. Rep. (Mich.), 758. 

Deed of Surface — Reservation of Coal— Injury from Mining — 
Limitations — Parties — Damages — Pleading and Evidence. 

Stipulation in a deed that the grantor reserves the exclusive privilege 
of mining under the land for coal, and for that purpose may extend such 
excavations under the same as shall be necessary or convenient for min- 
ing, subject to the condition that the surface shall not be broken or dis- 
placed, and that any damage to the lot by the exercise of the mining 
privilege shall be made good by the grantor, does not affect the common- 
law liability of the mine opeiator for injury to the surface. 

The date of the cause of action for the caving in of the surface from 
failure of the operator of the coal mine to leave proper support is the 
time when the coal is removed without leaving proper support, and not 
the time of the cave- in. 

The duty of the mine operator to the owner of the surface being to 
leave proper support, the question of good or bad mining is immaterial 
on the issue of his liability. 
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A mine operator is not liable for injury to the surface by default of his 
predecessor in possession, though the surface dees not show any injury 
till after he takes possession. 

A grantee of the surface may recover for injury thereto for failure of 
the mine operator to leave proper support, though such failure occurs 
before his deed, the effect on the surface appearing only after the deed. 

The damage from subsidence of surface from failure of the operator of 
coal mine beneath to leave proper support is the actual loss sustained to 
the land, including the buildings, from the cave-in, and not the difference 
in market value before and after the injury. 

Under a declaration for injury to surface from excessive removal of the 
coal under it, evidence is not admissible to show subsidence of the surface 
from removal of lateral support at other mines some distance from the lot 
in question. Noonan z^^.Pardee, $oAt Rep. (PaO> ^55* 

Oil Lease — Construction. 

A lease of land for oil and gas purposes was subject to a reservation, 
'< Land surrounding farm buildings, and marked by stakes, and as a pro- 
tection against fire." Heldy the landlord had no right to drill a well, 
and take out the oil, upon the reservation mentioned in the lease. Lynch 
vs. Burford, 50 At, Rep. (Pa.), a 28. 

Placer Claims — Lodes — Reservation. 

Under Act Cong. May 10, 1873, reserving in section 11 known lodes 
from passing with placer claims, but declaring in section 16 that the act 
shall not impair rights or interests under existing laws, the reservation 
did not apply to a claim on which payment had been made, and a certi- 
ficate of purchase issued, before the passage of the act. 

Under Act Cong. July 9, 1870, § la, known as the "Placer Act," 
declaring that claims usually called << placers," including all forms of 
deposit <* excepting veins " of quartz and other rock in place, shall be 
subject to entry under the act, but authorizing the sale of placer lands in 
tracts of 160 acres without reservation except such as the law directs 
should be contained in the patent, a patent for a '< placer" will pass a 
lode. Cranes Gulch Min. Co. vs. Scherrer et al.^ 66 Pac. Rep. (Cal.), 

487. 

Equity — Laches — ^Limitations. 

Claimants of conflicting mining claims entered into a verbal agreement 
by the terms of which all of their former locations should be abandoned, 
and certain new locations should be made in the name of one of the 
parties, on condition that each of the parties shall perform their pro rata 
share of the work necessary to make and maintain such new locations and 
procure patents for the same. One of the parties left the territory in 
1883, prior to the performance of his share of the labor required, leaving 
agents to represent him ; and another left the tenitory in 1885, after such 
work was performed and a demand for deed was made, leaving an agent, 
who also made demand for deed, which was refused. In the absence of 
these non-residents, the other claimants performing their pro rata share of 
the labor required, other parties contributed large sums of money and 
performed a large amount of labor for several years for the development 
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of the claims, which were of purely speculative value when the non-resi- 
dent claimants left the territory, the result of which was the discovery and 
extraction of large quantities of valuable ores, and great enhancement in 
the value of the property in the year 1890 and subsequent years, to the 
accomplishment of which results neither the non-resident claimants nor 
their agents contributed either money or labor, or in any manner what- 
ever. April 23, 1893, ^^^ non-resident claimants, C. Swing Patterson 
and Henry J. Patterson, brought suit to recover a one fourth interest in 
said mining claims, and also for an accounting for money received frono 
ores taken therefrom, and for the enforcement of a trust, alleging per- 
formance of labor and demand for deed prior to the departure of Henry 
J. Patterson in April, 1885, and also the failure and refusal of John V. 
Hewitt, who made the locations, to execute and deliver deeds, etc. 
Held, that under the circumstances of this case the complainants were 
guilty of laches, in equity, in failing to institute proceedings to enforce 
alleged rights accruing eight years prior to the commencement of suit, 
and that a court of equity will not aid in the enforcement of stale claims 
where the circumstances show that the enforcement would be inequitable. 
Patterson et al. vs. Hewitt et aL^ 66 Pac. Rep. (N. M.), 552. 

Lease — Forfeiture. 

Forfeiture of coal lease therein provided for non-payment of royalties 
within a stipulated time on coal mined, will be enforced ; the lessor hav- 
ing given the sixty days* notice of intention to repossess provided by the 
lease, and the lessee not having saved the forfeiture, as authorized by the 
lease, by payment within the sixty days. Walnut Run Coal Co. vs. 
Knight, 50 At. Rep. (Pa), 288. 

Work and Labor — Wages — Payment. 

Where the foreman of a mining company stated to the workmen that 
the money had not been received at the usual pay day, and asked that it 
might be retained by the paymaster for twenty days, to which they con- 
sented, such consent was not a loan of their wages to the paymaster ; 
they believing that it was to be retained by the paymaster, in his repre- 
sentative capacity, for the company, and not for himself. Colorado 
School Land Leasing and Mining Co. vs. Ponick, t(i Pac. Rep. (Colo.), 
458. 

Mining Lease — Estoppel of Lessee — Review. 

Where plaintiff occupied a mining claim under a lease from the owner, 
agreeing in part consideration to procure a patent therefor in the owner's 
name, he was estopped to deny the latter's right to the ground covered 
by the lease on the ground that the only discovery of mineral thereon 
was at a place substantially the discovery point of another and subsisting 
claim. Bunker Hill Min. Co. vs. Pascoe, (i(i Pac. Rep. (Utah), 574. 

Action for Death of Servant. 

Defendant was engaged in excavating a chamber in his mine for a pump 
house about thirty by fifty feet in size, and plaintiff s son was employed 
in operating a car for removing the loose rock taken out to the elevating 
shaft. When he had been so employed about four weeks, aud the room 
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had been excavated to the required size, except in height, a pillar left to 
support the roof was removed ; and large quantities of rock fell, and con- 
tinued to fall at intervals thereafter, rendering the room unsafe to work 
in. Defendant then commenced timbering next to the entrance, remov- 
ing the fallen rock as the work progressed ; the men being supplied with 
long hooks to enable them to pull out the rock while remaining under the 
protecting timbers. They were warned by the foreman not to go beyond 
the timbers. Plaintiffs son, while so working with others ten days after 
such work commenced, and while under the timbers, was killed by a piece 
of rock which fell outside the timbers, but, striking on a pile of rock, 
was deflected under them. The deceased was twenty years old, but was 
not an experienced miner. Held, that there was nothing in such facts to 
charge defendant with a failure to exercise reasonable care and precaution 
10 render the place as safe as the nature of the work would permit, but 
that the cause of the death was one of the dangers of which deceased 
must have known and of which he assumed the risk, as one of the hazards 
of the employment. Moon- Anchor Consol. Gold Mines, Limited, vs. 
Hopkins, in Fed. Rep. (U. S.), 298. 

Who Are Fellow Servants — Incompetence of Servant — ^Notice 

TO Shift Boss, no Notice to Master. 

All who enter the employment of a common master to accomplish a 
common undertaking are prima facie fellow servants, although their grades 
of service are different, and some direct and supervise the men subject to 
their command and their work, while others perform the labor, llie 
subordinates assuihe the risk of the negligence of their superiors in their 
work of supervision to the same extent as that of those who work by their 
sides. 

A shift boss in charge of a gang of men, whose duty it is to direct the 
men when, where, and how to work, to supervise them and their labor, 
and to see that they properly perform it, but who has no authority to hire 
or to discharge employees, is a fellow servant of the men in his shift, the 
risk of whose negligence they assume, and notice to him of the incom- 
petence of a fellow servant is not notice thereof to the master. Weeks 
vs. Scharer, in Fed. Rep. (U. S.), 330. 

Foul Air — Injury to Servant — Contributory Negligence. 

Plaintiff, in an action to recover for an injury received in defendant's 
mine, alleged that, as he and another employee were climbing up the 
crossing stulls in an up-raise, the other man, who was above, was overcome 
by powder snooke, gas, and foul air, and fell, striking plaintiff, and causing 
him to fall a* d receive the injury complained of. The evidence showed 
that the up-raise was impregnated with foul air, the effect of which was to 
greatly weaken and debilitate any one inhaling it, and that this weaken- 
ing and debility often came on very suddenly ; that the other man was 
climbing ahead of plaintiff and was an experienced miner, familiar with 
climbing stulls in up-raises ; that something struck plaintiff, and caused 
him to fall ; and that both men were found immediately after at the foot 
of the up-raise, one dead, and the other severely injured. Held that it 
was a reasonable inference from such evidence that the injury resulted 
from the cause and in the manner alleged, which justified the submission 
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of the question to the jury, and that such inference was sufficient to sus- 
tain a verdict so finding, rendered under proper instructions. 

A mining company violated its duty in respect to providing its employees 
with a reasonably safe place in which to work, where, through its foreman, 
it directed employees to go into an up-raise known to be filled with gas 
and foul air, and is liable for an injury resulting from the effect of such 
foul air to a workman who was not guilty of contributory negligence. 

Plaintiff who was inexperienced in mining, was employed by defendant 
as a '< trammer," to load and unload and wheel away dirt and rock in 
its mine. When he had been working in the mine three days, he was 
sent, with another workman, into an up-raise, known by the foreman to be 
filled with gas and foul air, to clear away dirt and rock. While climbing 
up, the other workman was overcome by the foul air, and fell, causing 
plaintiff to fall and receive severe injury. Plaintiff had been in the up- 
raise the day before, and knew that the air was bad, but also that there 
was a ventilating apparatus, which, when properly operated, clarified it 
so that it was not dangerous to work there. Held^ that such facts shown 
by the evidence were sufficient to support a finding by a jury that plain- 
tiff was not guilty of contributory negligence in obeying the orders of the 
foreman to go into the up-raise. 

A statement by an employee when he was hired, that he was a miner, 
will not impute to him knowledge of dangers in a mine arising from the 
gross negligence of the master, but only those of a mine conducted with 
ordinary care and prudence. • Portland Gold Min. Co. vs. Flaherty,- 1 1 1 
Fed. Rep. (U. S.), 312. 

Mining Lease — Bond to Purchase — Royalties — Removal of Im- 
provements. 

Where an agreement between the owners of a mining claim and others 
recited that the owners were '< desirous of leasing'' as well as selling the 
property, and that the owners ''did grant, lease, and demise" the claim, 
and it was provided that the others were to pay a royalty on all ores 
mined, with the option of purchasing the claim, in which event royalties 
paid were to be applied on the price, the agreement was not a contract of 
purchase, but a lease, notwithstanding the option, and the payment of 
royalties, instead of rent in money. 

The lessees in a mining lease may remove buildings and railroad tracks 
placed on the premises by them, where such removal causes no matenal 
injury to the freehold, and the lease is silent as to the right of removal. 

Where, in an action by the lessors of a mining claim to recover dam- 
ages for the lessee's removal of fixtures placed by them on the premises, 
no agreement between the parties was shown, save a lease which contained 
no restriction on the lessee's right to remove improvements made by 
them, a motion for a nonsuit on the ground, among other things, that the 
proof showed no contract requiring defendant to leave improvements on 
the premises, was sufficiently specific. Couch et cU, vs. Welsh etal., 66 
Pac. Rep. (Utah), 600. 

Mining Claims — Improvements Required — Local Regulations. 

Under Rev. St. U. S., § 2324, permitting miners of each mining dis- 
trict to make regulations, not in conflict with the laws of the United 
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States, etc., governing the amount of work necessary to hold possession 
of a mining claim, and providing that, until a patent has been issued 
therefor, not less than ^100 worth of labor shall be performed during 
each year, twenty days' work, which, according to an arbitrary rate 
allowed therefor by a regulation of a local mining association, would 
amount to {100, is insufficient to hold a mining claim for one )ear, un- 
less such work is really worth |ioo. Woody et aL vs. Barnard et al.^ 
65 S. W. Rep. (Ark.)f 100. 

Mining Corporation — Unpaid Stock — Liability of Subscribers. 

Civ. Code Mont., 1895, § 470, provides that stockholders of a corpora- 
tion shall be severally liable to its creditors for all its acts and contracts 
to the amount of unpaid stock held by them, respectively. Section 41c 
declares that the directors of a corporation may purchase mines and other 
properties for its business, and is>ue stock in payment thereof, to tne 
amount of the sum arbitrarily fixed as the value thereof, and that the 
holders of such stock shall not be liable for further payments under sec 
tion 470. Promoters of a corporation held an option on mining land in 
Montana for $30,000, and said amount was paid to a director, to be paid 
to the owner of the mine. Under an agreement with other subscribers, 
the mine and equipment were to be turned over to the company in lull 
payment of their stock subscriptions amounting to {5 7,000, but there was 
no actual purchase, nor issue of stock. Held^ that the deal not being con- 
summated, said promoters were liable for the $27,000 unpaid on their 
stock subscriptions. Crowley vs, Walton et a/., 50 At. Rep. (R. I ). 

385- 

Articles of Incorporation — Statute of Frauds. 

Under Rev. St. U. S., § 2326, providing that the party shown to be 
entitled to possession in a proceeding on an adverse claim to a mining 
claim may file a certified copy of the judgment roll and obtain a patent 
thereon, proceedings on an adverse claim are had for the purpose of de 
termining which of the parties is entitled to such patent, and hence eac h 
must rely on the strength of his own title, and not the weakness of that 
of his adversary. 

Where locators of mining claims surrendered possession to a corpora- 
tion in pursuance of articles of incorporation reciting the transfer of such 
locations in consideration of paid up shares of stock, and the corporation 
improved the property, but there was no further written evidence of con- 
veyance, Comp. Laws 1888, §3916, declaring that no estate in realty cau 
be granted otherwise than by operation of law or subscribed instrument 
in writing, did not prevent the corporation from acquiring title, but ac- 
cepting value for and allowing improvements upon the claims constituted 
an estoppel passing title by "operation of law." 

Where locators of mining claims surrendered possession to a corpora 
tion pursuant to provisions of the articles of incorporation, but without 
other written evidence of conveyance, the invalidity of such transler 
under Comp Laws 1888, § 3916, requiring a written instrument to transfer 
realty, cannot be set up by a stranger to the transaction to impeach the 
title of the corporation. 

Under Rev. St. U. S., § 2324, providing that on failure to make im- 
provements or perform labor, as required thereby, mining claims on which 
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such failure occurs shall be open to relocation , a claim on which the re- 
quired improvements have been made and labor performed is not rendered 
open to relocation by failure to file an affidavit of labor and improvements 
as required by Rev. St. Utah, § 1500. Murray Hill Min. & Mill. Co. 
vs, Havenor et aL^ 66 Pac. Rep. (Utah), 762. 

Partnership — Dissolution. 

Defendant, owning all the stock of two mining corporations, assigned 
the stock of the first company to the second company. He afterwards 
formed a partnership, to which he assigned the second company's stock, 
the object of the partnership being to develop the mim s. The second 
company had no property except the first company's stock, which it as- 
signed to the partnership, with defendant's participation and consent. 
Held^ that the court properly found that the first company's stock belonged 
to the partnership, even if the second company lacked capacity to own 
the stock, since, if the assignment to the second company was invalid, 
the title remained in defendant, and by his participation in and consent 
to the transfer to the partnership he was estopped from questioning its 
title. Whalen vs. Stephens et ai., 61 N. £. Rep. (Ill.)i 921. 

Mining Claibas — Effect of Entry — ^Relocation. 

After entry of a mining claim in the land office, a relocation of the 
premises cannot be made by another so long as that entry stands ; and 
snch a relocator acquires no rights, of possession or otherwise, which will 
sustain a suit by him in the courts to compel a conveyance to him of the 
legal title. Neilson z^s*. Charapaigne Min. & Mill. Co. et aL, iii Fed. 
Rep. (U. S.), 655. 

Contributory Negligence — Assumption of Risk — Duty of Master 

— Directions of Foreman. 

Where a miner was engaged by order of his foreman in excavating at a 
place which the foreman assuied him was safe, he had a right to rely on 
such assurance, and did not assume the risk incident to the surround- 
ings. 

Where a miner was ordered by his foreoian to make excavations at a 
place where the miner thought the overhanging ground looked " a little 
suspicious," but the foreman assured him it was safe, there was no such 
obvious danger as to create an assumption of risk, in spite of the fact that 
the work was under ihe foreman's supervision. 

Where a miner was making excavations preparatory to the placing of 
supporting timbers by other workmen, he was not engaged in making a 
dangerous place safe, so as to work an assumption of risk. 

In an action for personal injuries alleged to have been caused by the 
defective condition of a mine, questions to expert witnesses as to whether 
the decayed state of a sill would render extra timbers necessary, to make 
it reasonably saf^ for a man to work at the place where the accident 
occurred, were not objectionable as calling for conclusions as to the safety 
of existing conditions, but admissible to show the proper mode of con- 
struction. Faulkner vs. Mammoth Min. Co., 66 Pac. Rep. (Utah), 799. 
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Constitutional Law — Class Legislation — Mining Coal — Payment 

BY Weight. 

Act April 10, i899> ^ i, makes it the duty of any corporation or person 
engaged in mining, an<} employing twenty or more persons, to keep scales 
to weigh the coal mined ; and section 2 provides that all coal mined and 
paid for by weight shall be weighed before it is screened, and paid for at 
the weight so ascertained, provided the owner ox operator may deduct 
the weight of any impurities contained in the car, and not discovered 
until after the weighing. Held, that such section 2 is not unconstitu- 
tional, as class legislation, in so much as it includes both the small and 
the laige operators. 

Under Const., art. 12, §6, providing that the powers granted a cor- 
poration may be altered or revoked. Acts 1899, p. 165, in so far as it 
requires a coal minmg corporation, where coal is mined and paid for by 
weight, to weigh the coal before it is screehed, is not unconstitutional, as 
restricting the rights of the corporation to contract. 

Acts 1899, p. 165, requiring a coal minmg corporation engaged in 
mining and selling coal by weight to weigh ii before it is screened, does 
not abridge the right of a laborer to contract ; and he cannot complain 
that the powers of the corporation are limited, and l&s than those of a 
natural person. Woodson vs. State, 65 S. W. Rep. (Ark.), 465. 

Mining Claim — ^Location — Discovery of Minerals— Easement — 

Evidence. 

An actual mineral discovery is essential to the valid location of a 
mining claim. 

Whether or not a previous location of a mining claim may be made 
valid by a subsequent discovery of mineral thereon, the land remains 
government land up to the time of such discovery, and the location dates 
therefrom. 

A location of a mining claim based on a discovery of mineral within 
the limits of another existing and valid location is void. 

Any rights acquired by a discovery of mineral on a mining claim sub- 
sequent to the construction of a ditch across the claim by a third person 
are subject to the easement of the ditch, and to its owner's rights as a 
prior appropriator. Tuolumne Consol. Min. Co. vs, Maier, 66 Pac. 
Rep. (Cal.), 863. 

Mineral Lands — Validity of Patent — Presumption— Right to 

Attack Patent for Fraud — Subsequent Location — 

Grounds for Cancellation of Patent — Frauds. 

A patent for mineral lands, which has been in existence for sixteen 
years, and which protects rights that have been continuously exercised by 
the patentee and his predecessors in interest for nearly fifty years, will 
not be declared void as to any portion of the granted premises solely for 
the reason that upon its face it purports to be based on a single mining 
location, and conveys more than may lawfully be included in one loca- 
tion, when in fact the claims were several, and might have been united 
in a single patent upon a proper presentation of the facts. 
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Where there might have been circumstances which, under existing 
laws, would have authorized the land department to include in a patent 
for mining ground all the ground therein described, it will be presumed 
in support of the patent, when collaterally attacked, that such circum- 
stances existed. 

A suit to set aside a patent for mineral lands on the ground of fraud 
practiced on the land department cannot be maintained by a private in- 
dividual, who had at the time no claim upon any of the lands, but made 
a location thereon subsequently, such ground of invalidity being available 
only to the United States. 

Allegations in a bill for the cancellation of a patent for mineral lands 
that the several claims embraced therein were falsely and fraudulently 
represented by defendant to the land department to be quartz claims, 
when they were, in fai t, placer claims, afford no ground for the cancel- 
lation of the patent, where the fact that they were placer claims would 
not have precluded the owner from obtaining a single patent therefor, 
and it is not shown that the government was in any way injured by the 
false representation. Peabody Gold Min. Co. vs. Gold Hill Min. Co., 
Ill Fed. Rep. (U. S.), 817. 

Mining District Recordir — ^Deputy — Location Notice — Afhdavit. 

Under the provisions of section 3105, Rev. St., a county recorder may 
appoint a deputy recorder at any place in his county where he may deem 
it necessary, and at all places ten miles distant from an existing office, 
when ten or more mining locators interested petition for the appointment 
of a deputy ; and, upon the failure of the recorder to appoint a deputy 
within ten days after receiving such petition, the resident miners 01 such 
district may appoint temporarily a recorder of such district. 

A district recorder appointed by the resident miners has no authority 
to appoint a deputy, and the person so appointed has no authority to ad- 
minister oaths 

An affidavit to a mining location notice must be sworn to before an 
officer authorized by law to administer oaths. Van Buren vs. McKinley, 
66 Pac. Rep. (Idaho), 936. 

Vendor and Purchaser — ^Assignment of Interest — Contracts. 

Where a contract for the sale of an interest in a mine provided that a 
balance of the purchase price was to be paid only out of the net proceeds 
of the working of the interest conveyed, and in no event was to become 
a personal claim against the purchaser, but subsequently the vendor 
agreed to permit the purchastrr to sell his interest, provided the purchaser 
would become personally responsible for the balance due, there was suffi- 
cient consideration for such subsequent agreement, and the vendor was 
entitled to recover. Carter vs, Rhodes, 66 Pac. Rep. (Cal.), 985. 

Public Lands — Mining Claims — Application for Patent — Protest 
AND Adverse Claim Relocation — Former Discovery. 

Defendant was grantee and owner of two mining claims. The lines ot 
the junior claim crossed the senior claim ; the discovery monument of 
both claims being at the intersection of the veins in each, about ten feet 
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apart, and the discovery point of the junior claim being at the same blow- 
out where the discovery was made in the senior; and both discoveries 
were made upon the same mineral, and within the lines of the senior 
claim. Plaintiff, after the location of the defendant's two claims, located 
a third claim which crossed them both. Defendant had never abandoned 
either of his claims. Jleid that, in a conflict between the second and 
third locations, the third must prevail, since the same discovery point 
cannot be used for the location of two mining claims, and a location 
posted upon a discovery made within the limits of another existing and 
valid location is void. Reynolds et al, vs, Pascoe, 66 Pac. Rep. (Utah), 
1064. 

Mining — Coal Breaker — Dust — Defective Appliances — Damages. 

Where, in an action against a mining company for injury from its fail- 
ure to properly control the dust from its coal breaker because of its use 
of inadequate appliances, there is proof submitted in support of such 
allegations, it is for the jury to determine whether the injury results from 
negligence for the consequences of which defendant is liable. 

A mining engineer who actually examines mining appliances is quali- 
fied to speak as to the sufficiency thereof. 

In an action against a minirg a mpany for injury caused by its use of 
inadequate appliances to control the dust from its coal breaker, the meas- 
ure of damages is the cost of restoring plaintiff's premises to their con- 
dition before stich injury, not exceeding the value of the property and 
the deceased rental value during the time th^ wrong has continued. 
Harvey ef a/, vs. Susquehanna Coal Co., 50 At. Rep. (Pa.), 770. 

Mines — Sale of Mining Rights — Deed Construction — Surface 

Rights - Excavations. 

Where an operator of coal mines on a laige scale on about 4,000 acres 
abutting on a small tract of 152 acres purchased the coal under such 
smaller tract, '* together with the privilege of mining and removing 
through any entries made in said coal other coal belonging, or which 
may hereafter belong, to the grantee," the deed gave the grantee right to 
bring the coal from other land through the entries in the small tract, and 
not merely the right of passage through such entries. 

The deed further provided that the grantee had the right to mine the 
coal under the land without liability for any damage caused thereby, and 
might enter on the surface to place or take away any material necessary 
in operating the mine, with the right to sink a shaft and purchase three 
acres therefor at a given price, and might make openings in the surface 
for ventilation or drainage, and deposit on the surface the drainings taken 
out from the shaft or openings. Ife/d^ that the grantee had no right to 
deposit gob from other mines, nor to appropriate land beyond the three 
acres specified. Potter vs. Rend ^/ a/., 50 At. Rep, (Pa.), 8a i. 

Adjoining Landowners — Deed — Reservation of Mining Rights — 
Lateral Support — Damages — Land in Natural 

State — Buildings. 

A grantor reserving the minerals under the surface of the land con- 
veyed with the right to mine the same, and to pass through and use the 
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land below the surface as may be "necessary or convenient in mining 
from said land and from any other land, as fully and freely as if this 
grant had not been made, without making compensation therefor/' and 
providing that he shall not be liable for *' loss or damage which such acts 
may occasion to" the land, is not relieved from injuries caused by 
mining operations on adjacent land, which deprive the land conveyed of 
later support, the provisions of the deed only applying to operations on 
the land conveyed. 

An owner of land carrying on mining operations thereon, and depriv- 
ing an adjoining landowner of lateral support, is liable for injuries to the 
land thereby occasioned, without proof of negligence. 

An owner of land carrying on mining operations thereon, and depriv- 
ing an adjoining landowner of lateral support, is not liable for injuries 
to buildings placed upon the land, in the absence of proof of negligence. 
Matulys vs, Philadelphia and Reading Coal and Iron Co. , 50 At. Rep. 
(Pa.), 823. 

Oil Lease — Construction. 

An oil lease for oil and gas purposes is a conveyance or sale of an 
interest in land, conditional and contingent on the discovery and reduc- 
tion to possession of the oil or gas. 

A person who accepts an oil or gas lease, with a stipulation therein 
contained to pay a monthly rental until a well is completed, or until the 
expiration of a certain fixed term is bound to pay such rental, although 
he does not, within such term, enter upon the land and complete such 
well, unless he was prevented from doing so by the plaintiffs, and not 
by mere personal default. Lawson et aL vs. Kirchner, 40 S. £. Rep. 
(W. Va.), 344. 

Coal Lease — Construction. 

A coal lease, wherin the lessee agrees to pay "ten cents for each ton 
of 2,240 pounds of merchantable screened block coal, and ten cents for 
each ton of merchantable screened bituminous coal," obligates him to 
pay ten cents on each ton of 2,240 pounds of the bituminous coal, and 
not on a ton of 2,000 pounds. 

Under a coal lease, wherein the lessee agrees to pay a certain sum for 
each ton of merchantable screened coal, " the screen used not to exceed 
one and one half inches, and the screenings to belong to the [lessee] free 
of charge," whatever passes through the one-and-one-half- inch screen 
belongs to the lessee, and the fact that he rescreens it over a smaller 
screen, and that it passes over a smaller mesh, does not make him liable 
for the royalty. Johnston vs. Westerman ef a/., 50 At. Rep. (Pa.), 940. 

Lease of Oil Land — Abandonment — Recovery of Land. 

The lessees under an oil lease for '< fifteen years, and as much longer 
as oil and gas are found in paying quantities," erected a rig and drilled 
a test well on the premises, but obtained no oil, whereupon they removed 
the machinery used in drilling, leaving nothing but a tank, which was 
allowed to rot, and asserted no title until nine years thereafter, when 
other lessees found oil in paying quantities. He/d, an abandonment of 
the lease, so as to entitle the sub^quent lessees to the premises. 

A clause in such lease reciting that operations should commence within 
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a certain time and |be prosecuted with due diligence and no right of 
action should, after such failure, accrue to either party on account of 
the breech of any covenant therein contained, will not sustain a recov- 
ery of such land by the first lessees against the subsequent lessees, as 
the question involved was merely one of abandonment of the lease by 
the first lessees, and not of forfeiture. Calhoun et al. vs. Neely ei aL , 
50 At. Rep. (Pa.), 967. 

Oil Wells — Breach of Contracts-Damages. 

The measure of damages for breach of contract by lessee of a gas- 
well to test it for oil before abandoning it is what the lessor's royalties 
would have amounted to, where the lessee left it in such condition that it 
could not be tested, and the failure to test it was not unavoidable, or the 
lessee left it in a condition that it could have been tested, and the lessor 
did not know this. McClay vs. Western Pennsylvania Gas Co., 50 At. 
Rep. (Pa.), 978. 

Mining Claim — ^Expenditures — Coowners — Contribution — 

Forfeiture — Notice — SuFFiaENCv. 

A notice of forfeiture of the interest of a coowner of mining claims, 
because of failure to contribute his proportion of the expenditures, is 
fatally defective, if not specifying the amount of money spent upon each 
claim, nor facts which might excuse expenditure on each claim. Haynes 
€t aL vs. Briscoe, 67 Pac. Rep. (Colo.), 156. 

Notice of Mining Claim — Location by Alien. 

A sufficient location of placer mining claims is made by notices upon 
a stump in a creek, of a claim running 1,500 feet along the creek bot- 
tom and extending 300 feet each way from the center of the creek, add- 
ing that it is an extension of another claim named, a certain distance 
from the first falls on said creek. 

The location of a mining claim by an alien, and the rights following 
therefrom, are voidable, not void, and are free from attack by anyone 
except the government. McKinley Creek Mining Co. ef a/, vs. Alaska 
United Mining Co. ^/ a/., 22 Sup. Ct. Rep. (U. S.), 84. 

Lease — Oil and Gas — Development of Oil Lands — Considera- 
tion — Agreement to Complete Wells. 

A lease, for the nominal consideration of f 1, for the purpose of drilling 
and operating for oil and gas, — the lessor to receive a certain proportion 
of the oil and gas obtained, — which does not obligate the lessee to com- 
mence or prosecute such operations, and which he may terminate at his 
pleasure without compensation to the lessor, is unconscionable, and 
should not be enforced. 

Where, under a lease for the purpose of drilling and operating for oil 
and gas, the only consideration to the lessor is the prospective royalties to 
arise from exploration and development and the lessee fails for eight 
months to commence such development, the agreement is without con- 
sideration, and may be abandoned by the lessor. 

Where, in a lease of oil lands, the lessee agrees to complete a second 
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well within ninety days after the completion of the first well, but does not 
agree to complete or even to commence the first well, such agreement as 
to the second well is no consideration for the contract. Federal Oil Co. 
vs. Western Oil Co. et cU,y 112 Fed. Rep. (U. S.), 373. 

Personal Injuries — Negligence — Mines — ^Unsafe Roof — Notice of 

Defect — Assumption of Risk. 

Where a miner was injured by the falling of rock from the roof of a 
mine, and it appeared that it was not propped or timbered, and that there 
had been a heavy fall of rock from the same place a month before the ac- 
cident, and small pieces fell occasionally thereafter, it justified a finding 
that the defect had existed for such a length of time that the owdct had 
constructive notice thereof. 

A miner employed to- drive a car was injured by rock falling from the 
unpropped roof of an entry in which he had never before been except 
to work for a shift or two, and to pass through on one occasion. At this 
time he noticed that this part of the roof was not propped, but it was not 
customary to prop the entire roof of an entry. It was his duty to report 
anything he found to be wrong, but not to inspect or do work on the 
walls of the entry. Held^ to warrant a finding that he had not assumed 
the risk. Cushman vs, Carbondale Fuel Co., 88 N. W. Rep. (Iowa), 817. 

Master and Servant — Blasting — Personal Injuries — Negligencb 

of Master — Evidence. 

A servant, injured while blasting, alleged that he attempted to clean 
out an old blasting hole with an iron scraper, and, being unable to do so, 
inserted a steel tamping bar, and struck a concealed and unexploded charge, 
which caused the injury. Defendant had worked the quarry for twenty- 
five years, and no unexploded charge had ever been found before, and 
one of defendant's positive requirements was to leave no unexploded 
charge in the rocks. The hole in question had been charged three times, 
the last time about two weeks before, and the charge entirely blown out. 
It was shown that when a hole was charged for blasting it was filled to the 
top, or nearly so, with sand. Held^ to show as matter of law that de- 
fendant was not guilty vi negligence. 

An employee engaged in blasting has the right to assume that his em- 
ployer has exercised ordinary care in providing a safe place to work, and 
may rely on the implied assurance that the place is safe, but the employer 
cannot be held as insurer of its safety ; and an instruction that the 
employee has a right to rely on the implied insurance that the place is 
safe is erroneous. Laijiza vt, Le Grand Quarry Co., 88 N. W. Rep. 
(Iowa), 805. 

Oil Lease — Construction — Personalty. 

A lessee acquires no title to oil until it has been taken from the ground, 
under a lease granting him the exclusive right to mine and excavate oil for 
a specified period ; one eighth of the oil pumped and raised from the 
premises to be delivered to the lessor. 

Under Laws 1883, ^' 37') providing that oil wells and fixtures and 
rights held by virtue of any lease should be deemed personal property for 
all purposes except taxation, the right to oil is personalty, and does not 
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pass under a deed from the executors and devisees of the lessee con- 
veying all the lands owned by them, or in which they have an interest. 
Wagner et al. vs. Mallory e/ a/., 62 N. E. Rep (N. Y.), 584. 

Corporations — Contracts — Transfer of Sharis — Validity— Per- 
sonal Interest of Director — Sett»ng Aside — Restoration 
OF Benefits Received — Equity — ^Jurisdiction. 

It is competent for a stockholder in a mining corporation to obtain 
control of the majority of the stock by purchase, and the validity of the 
transfer to ^uch stockholder will not depend on his motive or purpose in 
acquiring it. 

A contract made with a stockholder in a mining corporation through 
directors to whom such stockholder has assis^ned part of his stock in 
nominal amounts in order to make them eligible as d- rectors is in effect, 
a contract by the stockholder with himself, and, if designed to produce a 
profit for the stockholder, is a fraud on the corporation. 

Where the board of directors of a mining corporation, with the full 
concurrence of the majority stockholders, agree that one stockholder shall 
expend certain nioney in the development of the mine, and in return 
therefor shall receive certain shares out of the treasury stock, and such 
contract is declared to be void, and the transfer of the shares set aside, 
equity will require that the stockholder be reimbursed for all money ex- 
pended by him in good faith and pursuant to the contract in developing 
the mine. 

Decedent purchased a mining claim, and after his death a patent issued 
to the parties interested, including his widow and heirs Thereafter the 
grantees incorporated, and the widow, as administratrix, conveyed the 
interest of the estate to the corporation, and certain stock was allotted to 
her as administratrix in payment therefor. Afterwards the estate was 
settled, and the administratrix was discharged. If^ld, m a suit by certain 
of decedent's children to set aside as fiaudulent a transfer of other cor- 
porate stock by the corporation to a third person, and to determine com- 
plainants' rights in the stock, and for other relief, all the parties being 
before the court, and the only minor heir being represented by a guardian 
ad litem, that the court could enter a decree requiring the widow to 
convey to each of the heirs his proper share in the stock allotted to her as 
administratrix* Jones et al. vs. Green et ai.y 88 N. W. Rep. (Mich.), 
1047. 

Mines — Adverse Claims — Ejectment — Notice of Location — Re- 
ceiver's Receipt. 

An ordinary declaration in ejectment is sufficient, under sections 2290, 
2291, Comp. Laws 1897, to present all the questions involved between 
an applicant for patent for a mining claim and an adverse claimant. 

In New Mexico a prelimmary or discovery notice of location of a min- 
ing Claim is unknown to our laws, and a locator, as against a subsequent 
locator who enters peaceably, must post such a notice as, when a copy 
thereof is recorded, the record will meet the requirements of stction 2324 
of the Revised Statutes of the United States. 

A receiver's receipt issued to a mining applicant during the pendency 
in the court of an action brought in support of an adverse claim, in pur- 
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suance of section 2326 of the Revised Statutes of the United States, is 
issued without jurisdiction, and is void. Deeney et aL {'^..Mineral Creek 
Milling Co., 67 Pac. Rep. (N. M.), 724. 

Mining Location — Excess. 

Where a mining location was greatly in excess of the statutory limit, 
and the locator, on attempting to sell the same, discovered that there was 
an excess, and procured a third person to locate a certain part of the 
original tract in his own name for the purpose of making a conveyance, 
such action was an assertion as to where the excess in the original loca- 
tion lay, so that, on its appearing that the location by such third person 
was void, a subsequent locator was entitled to claim that portion of the 
original location as excess. Gohres vs. Illinois & J. Gravel Mining Co., 
67 Pac. Rep. (Or.), 666. 

Mining Claim — Action to Quiet Title — Pleading — Allegation 

OF Citizenship. 

Under the provisions of sections i and 2 of an act entitled '' An act 
regulating the rights of aliens, corporations and associations to acquire 
real estate," etc. (Sess. Laws, 1899, p. 70), it is not necessary in an action 
to quiet title to a mining claim to allege the citizenship of the plaintiff, 
but those sections do not apply in an action on an adverse claim under 
the provisions of section 2326, Rev. St. U. S., after application has been 
made for a patent. Buckley vs. Fox, 67 Pac. Rep. (Idaho), 659. 

Oil and Gas Leases — Actions — Evidence — Rulings on Evidence — 

Objections. 

Where, in an action on an oil and gas lease, it is shown that gas was 
produced and used in various ways in the production of the oil, expert 
evidence as to the effect the flow of gas in an oil well has over the pro- 
duction of oil is admissible, as showing that the taking was consistent 
with a denial of the claimant's right to the annual rental under a stipula- 
tion to pay a rental should the well produce gas sufficient to justify mar- 
keting. Shewalter vs, Hamilton Oil Co., 62 N. E. Rep. (Ind.), 708. 

Mining Claim — ^Joint Ownership — Property Subject — Rights of 

Co-Tenants — Estoppel — Waiver. 

Where a joint tenant of a mining claim purchases a controlling interest 
in a claim adjoining on the side line, for the reason that he supposes that 
the apex of the mine worked in the former claim is located in the latter, 
and for the sole purpose of protecting his interest in the former claim, 
and not as an independent investment, the purchase inures to the benefit 
of the co-tenants, and cannot be held by the purchaser as his separate 
property. 

A mining claim located before the discovery of minerals thereon be- 
comes a valid location, subject to ownership in co-tenancy, on the subse- 
quent discovery of minerals by the locator ; and one of the tenants after- 
wards purchasing the adjoining claim, in which the lode worked in the 
former claim apexes, cannot hold the interest so acquired as his individual 
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fnterest on the ground that the coowners of the former claim were mere 
trespassers on the first claim, and not coowners thereof. 

An interest in the E. Mining Co. was purchased at different times by a 
co-tenant in the L. Co. while the latter company was being operated by 
its joint owners ; and the owner making the purchases notified one of the 
owners having the superintendency of the latter claim of the first purchase, 
and the price paid therefor, and the latter stated that he would " like to 
be in it." He was not informed that he was to receive no interest in such 
purchase until after the controUmg interest in the £. claim had been pur- 
chased. The interest in the £. claim was purchased be< ause the owners 
of the L. claim supposed that the lode worked in the latter claim apexed 
in the former. The purchaser never made a demand on his co-tenants 
to contribute to the purchase price. Held^ that the f ilure of the co- 
tenants to contribute thereto was not a waiver of their right to particii>ate 
in the interest acquired by such purchasers in the £. mine. Cedar Canyon 
Consol. Min. Co. vs. Yarwood ei aL, 67 Pac. Rep. (Wash.), 749. 
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rIE school is well equipped with physical and chemical laboratories, in which the 
students are required to perform a complete set of experiments illustrative of their 

recitations in physics and general chemistry. A special laboratory is devoted tt> 
qualitative chemical analysis for advanced students. 

Five hundred Students of Columbia School of Mines have been instructed in the 
Woodbridge School. Also a large number have been prepared for Massachusetts In- 
stitute of Technology, Stevens Institute, Sheffield Scientific School, Lawrence Scieii- 
ific School, Troy Polytechnic Institute, Cornell University, and the Classical, Medical, 
and Law Departments of Harvard, Yale, Columbia and Princeton. 

A summer school for students who ha.ve failed in June begins August 13th and 
coaches men for the Fall examinations. All classes are limited to five. College men 
are coached in Freshman and Sophomore Mathematics and Quantitative Analjrsis. 

An advanced course for older students prepares them to enter the second-year class 
Last June one of our students received his degree in Electrical Engineering in 
three vears. 
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